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By adding the Clix range of radio, television 
and electronic components to its existing list 

ts Elen Huan Been Co. Radio. Television 
of products The Edison Swan Electric Co. Ltd.. « ° , 
is able to offer an improved components service 

Bi os a & EKleetr Ho 

to the radio industry. Future enquiries and ®@ LFeC@CUronic¢ 
orders for these products, and others in the 


. . A] . 2 
Ediswan range, will be welcomed. componen t service 
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SPECIAL PURPOSE 


VALVES 








Of particular interest 


TO THE DESIGNERS OF R.F. HEATING 
AND DIATHERMY APPARATUS 


The ES.833 is a high mu triode particularly suitable 
for use as an R.F. Power Amplifier, Oscillator or 
Class B Modulator. It is a direct plug-in replacement 
for the American type 833A. 

The anode and grid connections are brought out at 
the top and are taken through metal-to-glass seals to 
heavy current terminals. As a result of this construc- 
tion the valve is exceptionally efficient at higher 
radio frequencies, and may be operated under Class 
*‘C’ CW conditions at a maximum input of 2 kW at 
frequencies up to 30 Mcs. At a reduced input rating 
it is possible to operate the valve as high as 75 Mes. 


RATING RADIATION COOLED AIR COOLED 
Filament Voltage (volts) Vf 10.0 

Filament Current (amps) If 10.0 

Maximum Anode Voltage (volts) Va (max) 3000 


Maximum Anode Dissipation 
(watts) Radiation cooled Wa(max) 300 


Maximum Anode Dissipation 
(watts) Forced Air cooled Wa 


Amplification Factor » 35 
Maximum Operating Frequency 
at full rating 30 Mcs.* 
* Operating frequency at reduced ratings up to 75 Mcs. 


Prices and technical data upon application 


EDISWAN 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS RD., LONDON, W.C.2 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each erry line 2/6. 
— line averages seven words.) Box number 2/- extra, except in the case of advertisements in “* Situations Wanted,’’ when it is added 


of charge. At the INCH RATE (if over ° or 12 — the charge is 30/- pe 


Financial Reports £14. 0s. 0d. per 





pany the adverti 


inch, single column. 


Prospectuses and Company’s 


ent. Replies to box numbers should be addressed 


I Ar 
to: “Electronic Engineering,’’ 28, Essex Street, Strand, London, Ww. C.2, Advertisements must be received before the I4th of the 


month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


ADMIRALTY. Royal Naval Scientific Service. 
Engineers and Physicists (particularly with 
electronics) required for appointments in (a) 
Senior Scientific Officer and Scientific Officer 
(Ref. A246/52A), and (b) Senior 
rimental Officer, Experimental Officer and 
Assistant Experimental Officer grades (Ref. 
A247/52A) in Experimental Establishments in 
London, Portsmouth, Weymouth areas and 
Scotland. Candidates, British subjects, for (a) 
must possess first or second class Honours 
Degree in Physics of Engineering or high pro- 
fessional attainments such as corporate member- 
ship of appropriate professional institution with 
suitable experience and responsibility, and for 
(b) should possess one of ana | qualifica- 
tions: Univers'ty ~— in Science neeeertng 
or Mathematics raduate Membershi 
riate professional _ institution, .. 
tional Certificate, Final certificate of five- 
oe grouped course in relevant subject at 


City and Guilds of London Institute or com- 
wih, M 


institution, Higher School Certificate 
Mathematics or Science as principal ~ 
ject or equivalent qualification. SS.O.’s 
feast 26 years of age with at least three wera’ 
ved experience, London salary scale (men) 
£950 per annum; .O.’s at least 21 years, 
£400-£650; S.E.O.’s at least 35 years, £780- 
£1000; F.0.’s at least 26 years, £575-£725; 
A.E.0.’s at least 174 years, £250-£535. Rates 
for women and ts in Provinces somewhat 
lower. Starting salaries above minima may be 
core ae ae to age and _ experience. 
laries carry addition of approximately 
10 per cent Be t! e first £500 plus 5 per cent 
on second £500. All jens unestablished 
(with F.S.S.U. for S.SO. and S.O.) but with 
some opportunities to compete for established 
—. Application forms, etc., from M. of L. 
, Technical and Scientific Register (K), 
Alnack "House, 26, King Street, London, 
S.W.!, quoting appropriate reference. W 2092 


ASSISTANT (SCIENTIFIC) CLASS. The Civil 
Service Commissioners give notice that an Open 
Competition for permanent and _pens’onable 
appointment to the basic grade will be held 
during 1952. Candidates must be at least 17} 
and under 26 years of age on Ist January, 1952, 
with extension for regular service in 
Forces, but candidates over 26 with specialized 
experience may be admitted. All candidates 
must produce evidence of having reached a 
prescribed standard of education, particu arly 
m a science subject, and of thorough experi- 
ence in the duties of the class gained by service 
in a Government Department or other civilian 
scientific establishment or in technical branches 
of the Forces, covering a minimum of two 
years in one of the fol'owing groups of scientific 
subjects: (i) Engineering and physical sciences. 
Gi) Chemistry, bio-chemistry and metallurgy. 
@ii) Biological sciences. (Vacancies few in 
aumber.) (iv) General (including geology, 
meteorology, general work ranging over two or 
more groups (i) to (iii) and highly skiiled work 
in laboratory crafts such as_ glass-blowing). 
Salary according to age up to 25: £236 at 18 
to £363 (men) or £330 (women) at 25 to £500 
(men) or £417 (women); somewhat less in the 
Provinces. Opportunities for promotion. Further 
aged and application forms from Civil 
ice Commission, Scientific Branch. Trinidad 
House, Old Burlington Street, London, 
ing No. S 59/52. Completed applica‘ ion 
should be returned as soon as possible. 
W 2081 


ee 
Principal: F. 


BRISTOL EDUCATION 

College of Technology. 
Partington, M.Sc. Applications invited + 
rer in Electrical Engineering. Work in- 
volves mainly E'ectrical Measurements, Distri- 
bution and Utilization for -Higher National 
Certificate Courses together with Light Current 
and Electronics. Salary £940 x £25—£1,040. 
Application forms, returnable by 8th December 
and further particulars obtainable by sending 
Stamped addressed envelope to Registrar, 
College of Technology. Unity Street, Bristol, 1. 
G. H. Sylvester, Chief Education Officer, Couneil 
, College Green. Bristol, 1. W 208' 


CROWN AGENTS FOR THE COLONIES. 
Wire'ess Station Superintendent (Temporary) 
reqeired by the Gold Coast Government Posts 


DECEMBER 
A 


1952 


and Telegraphs Department for two tours of 
18 to 24 months in the first instance. Com- 
mencing salary, according to qualifications and 
experience in the conso.idated scale £955 rising 
to £1,180 a year, with gratuity of £25 or 
£37 10s. according to salary, for each com- 
pleted period of three months’ service. Outfit 
allowance £60. Liberal leave on full salary. 
Free passages. Candidates must possess a 
Higher National Certificate in Electrical 
Engineering or equivalent, and have had _ prac- 
tical experience in two or more of the follow- 
ing fields: V.H.F. link systems, H.F. com- 
munication network; frequency shift keying and 
te.eprinter maintenance; and H. 
direction finding systems; Acamuaieah naviga- 
tion aids (ground); Manufacture of _ light 
engineering i ipment. Apply at once by letter, 
stating age, full names in block letters, and 
full particulars of qualifications and experience 
and mentioning this eer to the Crown Sa 
for the Colonies, 4, Millbank, London, S 
quoting on letter. M.29100.B. The’ Crown 
Agents cannot undertake to acknowledge all 
applications and will communicate only with 
applicants selected for further — 


GLASS BLOWER to take part in Research 
work in connexion with thermionic valves in 
the Physics Department of the College of 
Technology, Birmingham. Experience in con- 
struction of valves with glass to metal seals 
would be an advantage. Applicants should have 
initiative and should be willing and able to 
carry out some constructional work on valves 
in addition to glass work. The successful can- 
didate will be expected to give some instruc- 
tion in glass blowing to students. Sala 

in accordance with the scale for nior 
aboratory Technicians, £440-£495. Applica- 
tions should be sent to the Head of the Depart- 
ment af Physics and Mathematics, College of 
Technology, Birmingham, W 2079 


MINISTRY OF SUPPLY requires Physicists or 
Electrical Engineers for posts in Royal Aircraft 
Establishment, Farnborough, Hants. 1. In 
charge of small team develop‘ng electronic 
equipment for guided missiles Experience in 
radar and communications techniques and cir- 
cuit design essential and microwave knowledge 
desirab'e (Ref. A281/52/a). 2. Design and 
development in physics and engineering fields 
of guided weapon control, probably involving 
association with experimental missile trials and 
with radar and other electronic techniques. 
Experience in servo- -mechanism techniques and 
theory and practice of a such as 
accelerometers, gyroscopes and fluid control 
valves desirable (Ref. A282/52/A). Qualifica- 
tions: Ist or 2nd class Honours Degree or 
equivalent in Physics or Electrical Engineering 
and experience in Electronics. For senior grade 
minimum age years with at least 3 years’ 
post-graduate research experience. Grade and 
salary assessed on age and experience within 
ranges: Senior Scientific Officer £781-£980; 
Scientific Officer £417-£675. Women somewhat 
less Posts _unestablished. F.S.S.U. benefits. 
App'ication forms from Ministry of Labour and 
National Service, Technical and _ Scientific 
Register (K). 26. King Street, London, S.W.1, 
queting appropriate reference. Closing date 
12 December, 1952. 


MINISTRY OF SUPPLY require Physicist or 
Fleetrical Engineer at outstation of R.A.E., 
Woodbridge. Suffo'k. to lead section engaved 
on apptication of radar to ballistics and other 
trials, including responsibility for conduct of 
tria's, maintenance of ground radar equipment, 
plotting tables. etc., and development of tech- 
niques Experience ‘of operating and main‘a‘n- 
ing ground radar equipments essential. Mini- 
mum oualification H.S.C. (Science) but higher 
qualifications in Physics or Electrical apne 
ing may be an advantage. Salary within rang 

Experimental Officer (min. age 26) £597- £784, 
Women somewhat less. Post unestablished. 
Application forms from M.O.L N.S.. Technical 
and Scientific Register (K). 26. King Street, 
London, S.W.1, quoting A291/52/A. W 209i 
NOTTINGHAM & DISTRICT Technical ie 
lege. Principal: H. Baker, Ph.D., A.M.I.C 

A M.I.Mech.E. Radio and E'ectrical eae: 
ing. An Assistant Lecturer on Grade B of the 
Burnham Scale is required for Radio and 


will. 


Television Servicing Courses to the standard 
of the Full Technological Certificate of the City 
and Guilds of London Institute in Radio Engin- 
eering and the Television Servicing Certificate 
An appropriate technical qualification is re- 
quired. Practical experience with a Radio Manu- 
facturer or in the servicing of electronic eq’ ae; 
ment is desirab.e. Salary scale £490 x £25—£765 
per annum, with a further £60 for graduate or 
equivaient qualification and up to 3 increments 
of £18 each for approved periods of training. 
Regard may paid to approved industrial 
“ rience when assessing the commencing 
ary. Application forms and further parti- 
ones may be obtained from the Registrar, 
lottingham and District Technical ollege, 
Shakespeare Street, Nottingham, to whom com- 
pleted forms should be returned not later than 
8th December, 1952. F. Stephenson, — to 
the Joint Education Committee. W 2080 


RUNWELL HOSPITAL, Near Wickford, 
Essex. Senior E.E.G. Technician required 
Previous experience essential. Salary £410-£475. 
Applications to the Physician Super 


SKILLED CRAFTSMEN required by Govern- 
ment Department in Che:tenham. (a) Instru- 
ment Makers who have served a_ recognized 
apprenticeship in that trade or have had equiva- 
lent experience in light engineering. (b) Radio, 
Telep-inter and Electronic Mechanics, also 
Assembler Testers with experience of tele-com- 
munication eee Basic pay £6 12s. plus 
merit pay up to £2 . per week according to 
skill and experience. “Cucanenisias of securing 
ermanent and pensionable post. Apply Box 
lo. W 2049. 


VACANCIES in the Royal Naval Scientific 
Service. Applications are invited for vacancies 
which exist for male and female Assistants 
(Scientific) in an unestablished capacity. The 
posts are situated in the West Drayton area 
and will be concerned with work in the ser- 
vicing of Electronic Equipment. Applicants 
pare A be not less than 16 = of age, and 
should possess an educational standard equiva- 
lent to a Credit in Mathematics or a Science 
Subject of the school leaving certificate. 
Experience in industry or a technical branch 
of the Services is an advantage. The London 
salary scales for unestablished Assistants 
(Scient'fic) are: Men, £170-£185 (age 16 years) 
to £355 max. (age 28). Women, £170-£185 (age 
16 years) to £315 max. (age 28). All applica- 
tions should be made, in the first instance, in 
writing to the Ministry of Labour, at the local 
Labour Exchange. W 2103 


SITUATIONS VACANT 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 


A £1600-£2000 PER ANNUM « salary according 
to qualifications and experience. Progressive 
Comp?ny requires chief Electronic Engineer 
with Honours Degree backed by considerable 
experience in controlling ry nm and develop- 
ment laboratories and model shops. Knowledge 
of high grade mechanical movements and _pro- 
duction methods desirable. Apply in strictest 
confidence giving full details to Box W 2097. 


A JUNIOR Technical Assistant is required for 
Secretarial Staff of Manufacturers’ Association 
in London. Essential qualifications—B.Sc. 
Grad. or equivalent, good personality and 
general education. Interesting work in ex- 
cellent conditions. Commencing salary £450 
Box No. W 1604 


A LARGE and well 


established engineering 
company opening a i i 


Drawing Office in t 

Central London. area require Press Tool 
Designers and Draughtsmen. Applicants should 
have had toolroom apprenticeship or equiva- 
lent, followed by SS, on first class press 
tool work in the light electrical and mechanical 
field. Applications are invited from men of 
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SITUATIONS VACANT (Cont’d.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. _ 
sufficient experience and ability to justify very 
good salaries. Excellent working conditions 
and staff pension scheme in operation. Please 
write, in confidence, giving details of experi- 
ence and quoting reference N.10 to Box No. 
W 2083. 


A NUMBER OF VACANCIES exist in the 
Research Laboratories of Ericsson Telephones 
Ltd., Beeston, Nottingham, for work on several 
interesting and important projects employing 
electronic switching pulse techniques and elec- 
tronic instrumentation. A good Degree in 
physics or electrical engineering is required for 
some vacancies, for oo as Higher National or 
its equivalent. Experience in some field of elec- 
tronics is necessary for all but the more junior 
vacancies. Starting salaries for suitable appli- 
cants will be up to £750 p.a. Applicants must 
be of British nationality and should address 
applications to the Personnel Officer. W 2990 


BELLING & LEE LTD., Cambridge Arterial 

oad, Enfield, Middlesex, require research 
assistants in connexion with work on electronic 
components, fuses, interference suppressors and 
television aerials. Applicants must be graduates 


of the or possess equivalent qualifica- 
tions together with similar laboratory ex- 
perience. Salary will be commensurate with 


Previous experience; five day week, contributory 
pension scheme. Applications must be detai'ed 
and concise, and will be treated as a 

W 138 


BOULTON PAUL AIRCRAFT LIMITED. 
Wolverhampton, require Senior Electronics 
Engineer or Physicist, with adequate theoretical 
and practical design experience, to take charge 
of department engaged in development of pre- 
cision electronic instruments, servo mechanisms, 
analogue computors, etc. Applications should 
detail qualifications and experience and _ state 
salary required. W 2074 


BUSH RADIO LTD. have vacancies at Chis- 
wick for Senior and Assistant Radio and Tele- 
vision Engineers. Applicants for Senior positions 
must have 4 years’ practical experience in 
Design of Radio/Television Receivers. Assis- 
tants should have 2 years’ practical experience 
in Laboratory and be familiar with Radio/ 
Television Measurement Technique. App'y 
stating age, qualifications, experience and 
salary to Personnel Manager, Bush Radio Ltd... 
Power Road, W.4. W 2068 


CATHODE RAY TUBE ENGINEER. Applica- 
tions are inyited to fill a senior post as head 
of C.R.T. Section in a rapidly expanding firm 
making precision C.R. Tubes. Candidates must 
have wide experience in design and manufac- 
ture of electrostatic tubes, and be capable of 
holding an executive position. Pension scheme. 
Salary not less than £1000 per annum. Apply 
in writing to: 20th Century Electronics Ltd., 
Dunbar Street, West Norwood, London, 
S.E.27. W 2075 


CHIEF INSPECTOR with wide mechanical and 
electrical experience in Telecommunication and 
electronic industry is required by The Phoenix 
Telephone & Electric Works Ltd. for their 
Factory at The Hyde, Hendon, London, N.W.9. 
Applicants should not be over 45 years, have 
held similar appointments in large works, be 
A.I.D. approved, a first-class technician and 
organizer. A four figure salary is offered, and 
applications giving full details of past experi- 
ence should be sent to the Managing Director 
at the above address. W 2099 


CIVILIAN or ex-R.A.F. or Navy Operational 
Research Section Worker, intimately familiar 
with radar, required for interesting assessment 
work. Knowledge of statistical mathematics 
essential. Preference given to qualified Radar 
Engineer. Salary according to experience 
Please reply quoting Ref. AJDE to Box No. 
W 2072. 

COTLWINDING PLANNING ENGINEER 
required by large radio and electronic equip- 
ment manufacturer in London area. Applicants 
must have practical training and experience as 
a Planning Engineer engaged on radio coil- 
winding. Position is permanent and pensionable 
with excellent prospects. Kindly state full par- 
ticulars and quoting reference M. to Box 
No ! 2057 
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COMPANY engaged in the Design and Develop- 
ment of Guided Weapons requires Qualified 
Mechanical Engineer, with Electronic and Light 
Electrical experience: preferably with knowledge 
of servo mechanisms, to take charge of 
laboratory engaged on the design and develop- 
ment of control systems, power supplies, elec- 
trical gyros and other ancillary devices. Salary 
£1000-£1400. Pension Scheme, Housing Assis- 
Apply Box A.C.76972, Samson Clarks, 


57/61, Mortimer Street, W.1. W 2082 


tance. 





DECCA RADAR LTD. require draughtsmen 
and junior draughtsmen for Research Drawing 
Office, preferably experienced in any of the 
following fields: Radar, radio and electronic 
circuits, electro-mechanical devices, light 
mechanical engineering. Knowledge of work- 
shop practice essential, applicants must possess 


Ordinary National Certificate or equivalent. 
Positions are permanent and progressive; 
Salaries based on ; rates. Tracers 


(female) also required. Wirte giving full details 
to Chief Draughtsman, Decca Radar Limited, 
2, Tolworth Rise, Surbiton, Surrey. W 151 


DECCA RADAR LTD. invites applications 
from microwave, electronic and mechanical 
engineers to join the Company in its extensive 
work in a wide field of microwave link and 
radar development. The Company offers excel- 
ent starting salaries and first rate opportunities 
for men to exploit their initiative and to rise 
rapidly to responsible posts. Graduates without 
industrial experience who are prepared to under- 
take intensive training are also invited to apply 
Director, Radar Laboratory, 2, Tolworth Rise, 
Surbiton, Surrey. W 150 


DEVELOPMENT ENGINEERS, Senior and 
Junior, for Radio, Teievision and Electronics. 
North London area. Previous experience of 
circuit development work essential. Details of 
qualifications, experience and salary required 
c/o Newspaper, to Box No. W 2063. 


D. NAPIER & SON LTD., Luton Airport. 
Beds, have a_ vacancy for an Instrument 
Engineer, H.N.C. or equivalent, practical work- 
shop and test room background, required as 
chief assistant on instrumentation for aircraft 
engine flight development and allied projects. 
Measurement and recording of temperature, 
pressure, flow, etc., is involved and experience 
of allied electronics in this field essential. A!l 
applicants apply to the above address as soon 
as possible. W 2066 
D. NAPIER & SON LTD., Luton Airport. 
Beds, have a vacancy for a Junior Electronic 
Laboratory Assistant, familiar with C.R.O. 
practice, for experimental work in connexion 
with engine development and allied projects. 
All applicants apply to the above address as 
soon as possible. W 2067 


E. K. COLE LTD. (Malmesbury Division) 
invite applications from Electronic Engineers 
for permanent posts in Development Labora- 
tories engaged on long-term proiects involving 
the following techniques: 1, Pulse Generation 
and Transmission. 2. Servo Mechanism. 3, 
Centimetric and V.H.F. Systems. 4, Video 
and Feedback Amplifiers. 5, V.H.F. Trans- 
mission and Reception. 6. Electronics as 
applied to Atomic Physics. There are vacan- 
cies in the Senior Engineer, Engineers and 
Junior Grades. Candidates should have at 
least 3 years’ industrial experience in the above 
types of work, together with educational quali- 
fications equivalent to A.M.I.E.E. examination 
standard. Commencing salary and status will 
be cc ate with quali ions and ex- 
perience. Excellent opportunities for advance- 
ment are offered with entry into a Pension 
Scheme after a period of service. Forms of 
application may be obtained from Personnel 
Manager, ECKO Works, Malmesbury, Wilts. 
W 2800 
ELECTRICAL ASSISTANT required for an 
industrial metallurgical research laboratory in 
the SE. London area, to help with problems 
connected with furnaces and control equip- 
ment. National Certificate in electrical en- 
gineering a minimum requirement, with some 
knowledge of electronics an advantage. Write 
giving full particulars to Box No. W 1568. 





ELECTRICAL ENGINEER, knowledge of 
electronics, required, N.W. London instrument 
manufacturing mane, for research labora- 
tory. Should possess ._N.C. with experience 
in this field, prepared to undertake work 
requiring enterprise and initiative. Write 
details, qualifications, experience, salary re- 
quired Box No. W 2055. 

ELECTRONIC ENGINEER required with pre- 
ferably 8 years’ experience of design and 
development on audio frequency electronic 
equipment. Degree or equivalent necessary 
Write giving details of qualifications, experience 
and salary required to the Labour anager, 
Rolls-Royce Ltd., Derby. W 2979 


ELECTRONIC ENGINEER required by well- 
known North London Company. Wide know- 
ledge of low frequency circuit techniques with 
sound design ability. The laboratory specializes 
in industrial and medical electronic apparatus 
for small scale production. Degree, corporate 
membership of I.E.E. or equivalent required 
Interesting variety of work with good oppor- 
tunities, pension scheme, etc. Write quoting 
reference ‘‘EE’’ stating education, experience 
and salary required to Box No. 2041. 


ELECTRONIC ENGINEERS required fo: 


Research Laboratory, Associated Electrical 
Industries Limited, Aldermaston Court, Alder- 
maston, rks. Successful applicants _ will 


develop specialized electronic equipment of all 
kinds, in collaboration with physicists, for 
fundamental research projects. Send full details 
of qualifications and experience to The _ Per- 
sonnel Officer. W 153 


ELECTRONIC ENGINEERS are required for 
development work on _ aircraft instruments 
They should possess a Degree in Electrica! 
Engineering or Physics or Higher National 
Certificate or similar qualifications. 
laboratory experience in_ physics, 
engineering or instrument technology > 
an advantage. Guildford area. Send details of 


qualifications and experience, quoting Ref 
E.10, to Box No. W 1610. 
ELECTRONIC ENGINEERS _ required at 


Nelson Research Laboratories, English Electric 
Co., Ltd., Stafford, for work on High Speed 
Automatic Electronic Digital Computors. Appli- 
cants should possess: (a) Honours Degree in 
Physics or Engineering with a sound knowledge 
of the principles of circuit design, or (b) H.N.C 
in Electrical Engineering and have had _ three 
or four years’ experience in Radar or Elec- 
tronic Development. Please reply, quoting ref 
1051, to Central Personnel Services, English 
Electric Co., Ltd., 336/7, Strand, London. 
W.C.2. W 2110 
ELECTRO-MECHANICAL ENGINEERS _ re- 
quired with good academic qualifications. 
Sa riage theoretical background and 
knowledge of production methods for develop- 
ment work. Experience in electrical methods 
of computation, servo theory and instrument 
design desirable. Apply with full details of age. 
experience and salary required to the Personnel 
Manager, Sperry Gyroscope Co. Ltd., Great 
West Road, Brentford, Middlesex. W 2071 


ENGINEER required for theoretical and ex- 
perimental work on Aircraft | Fuel Contents 
Gauging. Qualifications—Electrical_ Engineering 
or Physics Degree or equivalent. Experience of 
measurements problems advantageous. South- 
West of London. Send tabulated details of 
experience, quoting Ref. E9, to Box No 
W 1611. 


ENGINEER required to undertake the develop- 
ment of low frequency iron cored components 
Previous experience desirable. Salary according 
to qualifications and experience. Apply in 
writing to Advance Components Limited. Back 
Road, Shernhall Street, E.17. W 1608 


ENGINEERS required for interesting develop- 
ment work on the design of all types of radio 
transformers. The work includes investigation 
of the use of new materials to transformer 
design. Applicants should write, giving full 
details to: Personnel Department (ED/76). 
E.M.I. Engineering Development Ltd., Hayes, 
Middlesex. W 2112 


EXPERIENCED Radio Testers and_ Inspectors 
required for production of communication and 
radio apparatus. Also Instrument makers, 
wirers and assemblers for Factory Test appara- 
tus. Apply Personnel Manager, E. K. Cole 
Ltd., Ekco Works, Malmesbury, Wilts. w 146 
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continued on page 4 
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FAULTLESS FLUXING | 


GIVES PRECISION SOLDERING \ 





* Enthoven Superspeed has a con- 
tinuous stellate core of ACTIVATED 
Rosin which gives an exceptionally high J 
wetting and spreading power, enabling /— é, 
the flux and solder to be drawn | 
rapidly by the force of capillary + ~ 
attraction into restricted spaces, A_ \ 
even in the vertical plane. The y i 

volatilizes at A 








activating agent 
soldering temperature. 
* The distinctive stellate core (/ ) 
/\ 
Ly 


ii 





ensures a more rapid release of flux 


the solder, at moderate soldering-bit 
temperatures that lessen the risk 
of alteration to the electrical and 


mechanical properties of components. 


SAVES TIME, CUTS COSTS e. 


uperspeed | 


| 
and therefore immediate wetting by N ‘. 
2) 
Pp 


(/ 























“WHITE FLASH” activated rosin-cored solder for 
general electrical, electronic and telecommunication 
work, and all standard uses. A.I.D. and G.P.O. 
approved. Complies with M.O.S. Specification 
DTD 599. 


E3174/3 
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DEMANDS 





uperspeed 


* The flux in Enthoven Superspeed 


is always released in exactly the 
proportion. Dry and H.R. 


joints due to 


correct 
underfluxing or 
overfluxing cannot occur. One 
application of Superspeed always 
does the job effectively. 
» The residue from Super- 
speed flux is non-corrosive 
and non-hygroscopic. It 
solidifies immediately to a 
hard, transparent film of 
high dielectric strength 


and insulation resistance. 


ENTHOVEN SOLDERS LTD. 


Enthoven House, 89, Upper Thames Street, London, 
E.C.4, Tel: Mansion House 4533 will gladl 
send you their comprehensive Superspeed booklet. 


Technical advisers are available for free consultation 


a 


ELECTRONIC ENGINEERING 








SITUATIONS VACANT (Cont’d.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 

ed 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
fs excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 


FERRANTI LTD., Edinburgh—invite applica- 
tions from suitably qualified persons for the 

tion of Research Engineer in their Small 
transformer Department in Edinburgh. The 
duties involve investigations into new techniques 
and materials associated with transformers for 
use in electronic equipment with a view to 
their ultimate use in large-scale, production. 
Candidates should preferably have a University 
Degree and experience in (1) Transformer design 
and development tendencies and/or (2) Elec- 
tronic component research. Staff Pension 
Scheme and excellent conditions and equipment. 
Reply quoting Ref. T/RE and give full details 
of age, qualifications and experience to the 
Personnel Officer, Ferranti Ltd., Ferry Road, 
Edinburgh. W 2941 


FERRANTI LTD. have i diat i 
for men with Electrical Engineering qualifica- 
tions to undertake the advanced testing of naval 
anti-aircraft Fire Control Equipment involving 
electronics and servo mechanisms either in 
firms’ workshops or on board H.M. Ships in 
home ports. Salary in accordance with age and 
experience between £356 and £650 per annum. 
Normal expenses plus a generous ailowance are 
paid when working out. Previous experience of 
this type of work, though desirable, is not 
essential. Forms of application from Mr. R. J. 
Hebbert, Staff Manager, Ferranti Ltd., Hollin- 
wood, Lancs. Please quote reference HGN/X. 
W 2073 


FERRANTI LTD. (Moston) have a vacancy in 
the Circuits Section of the Physical Laboratory 
for a circuit development engineer to work on 
specialized test equipment for investigation of 
cathode-ray-tube and valve characteristics 
Applicants should be graduates in electrical 
engineering or possess a H.N.C. or equivalent 
qualification and have had at least three years’ 
experience of the design and construction of 
this type of equipment. A sound theoretical 
and practical knowledge of telvision and radar 
circuit techniques is essential. Permanent staff 
appointment with pension benefits. Forms of 
application from Mr. R. J. Hebbert, Staff 
Manager, Ferranti Ltd., Hollinwood, Lancs. 
Please quote reference LA. W 2113 


ILFORD LIMITED require a technical assistant 
to construct and maintain electronic equipment 
in their research laboratories at Brentwood 
Will be responsible for assistants and m ‘st be 
capable of developing working breadboard cir 
cuits into reliable laboratory instrument. 
Should have had five years’ experience in eleo 
tronics and preferably Higher National Certifi- 
cate or comparable qualification. Apply in 
writing to the Personal Manager, Ilford Limited, 
Woodman Road, Brentwood, Essex. W 1607 
INSPECTOR, used to radio components. 
Applicants must have high standards and ability 
to maintain discipline and improve quality. 
— ae details of ig salary required 
and salary now received. eplies stric' - 
fidential. Box No. W 2086. r —— 


LABORATORY ASSISTANT, to build equip- 
ment, required for the Electronic Section of the 
Motor Industry Research Association. Appli- 
cants must be able to construct electronic 
equipment from circuit diagrams. Applications 
in writing—giving full details of experience, 
education, age and salary required—to the 
Research Manager, Motor Industry Research 
Association, Proving Ground, Lindley. Nr. 
Nuneaton. W 2061 
MCMICHAEL RADIO LTD. require senior 
and junior engineers in their equipment division 
laboratory at Slough. Training and experience 
in the field of Applied E-ectronics (including 
Communications) and experience of working 
with Government Departments are the chief 
es required. Write stating age and 
ull details of training, qualifications and 
experience to the Chief Engineer, Equipment 
Division, McMichael Radio Ltd., Slough, 
Bucks. W 1578 
MECHANICAL ENGINEERS required for 
Aero Engine vibration investigations. Previous 
experience desirable but not essential. Must 
have knowledge of electronics. Applicants 
should be graduates or at least hold the Higher 
National Certificate in Engineering. Write 
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stating age, experience and salary required to 
t Labour Manager, Rolls-Royce Limited, 
Derby. W 2000 
MURPHY RADIO 
Electronics Division 
Design Draughtsman 
Designer. Applicants 


have vacancies in_ their 
for a first class Senior 
and a Senior Mechanical 
should be up to at least 
National Certificate Standard and have had 
experience in design of E.ectronic Equipment, 
small mechanisms or similar work and must 
be capable of working on their own initiative. 
Employment is permanent and pensionable and 
offers excellent opportunity of broadening 
experience in this interesting fie'd of work. Full 
details of experience and qualifications should 
be included in applications which may for- 
warded in confidence to Personnel Manager, 
Murphy Radio Limited, Welwyn ae” 4 


ONE OR TWO first-class engineers required 
to investigate an invention. Knowledge. of 
princip'es and mathematics of servo-mechanisms 
required. Salary according to experience. Please 
reply quoting Ref. HDD to Box W 2069. 

PATENTS ENGINEER required for Patent 
Investigation work in connexion with Electronic 
circuits. Applicants must have a_ University 
Degree in E.ectrical Engineering (Light Current) 
or Physics. Some previous practical experience 
on Research or Design advantageous or alter- 
natively, suitable technical experience in the 
Services. Write, giving age, fullest details of 
education and experience together with salary 
required to Personnel Department (PDB) Elec- 
tric & Musical Industries Ltd., Hayes, Middle- 
sex. W 2095 


PHYSICAL CHEMIST required having experi- 
ence and an interest in the electrical properties 
of materials. Salary according to qualifications 
and experience. Box No. W 1579. 


PHYSICIST WANTED by large Coventry 
Engineering Company. Applicant must hold 
B.Sc. or equivalent; and have experience or 
specialized in instrumentation. Good conditions, 
salary and prospects. Apply stating details of 
ea and experience to Box No. 


PROJECT ENGINEER required to be respon- 
sible for a laboratory engaged on development 
of Aircraft Fuel Contents Gauges and Asso- 
ciated Equipment. Appticants should possess 
aualifications in Electrical Engineering and/or 
Physics. and have had design and laboratory 
experience in the app'ication of electronic tech- 
niaues to airborne equipment. App'y in writing, 
quoting Ref. E8 and giving details of qualifi- 
cations and experience, to the Chief Develop- 
ment Engineer, Waymouth Gauges & Instru- 
ments Ltd., Station Road, Godalming, ow. 


PYE TELECQMMUNICATIONS LTD., D'tton 
Works, Cambridge. wi'l shortly have vacancies 
for senior and junior engineers. Experience in 
VHF. design and engineering is essential. 
Vacancies also exist for engineers with specialist 
exnerience in multi-channe! V.H.F. Telephony. 
Salary according to aualifications and _experi- 
ence. Please app'y, stating age, qualifications 
and experience to the Personnel somes 


REQUIRED. Laboratory Assistant for main- 
tenance of electronic equipment in Aylesbury, 
Bucks. Experience in operation and main- 
tenance of electronic equipment necessary. 
Skilled ex-R AF. tradesman would be con- 


sidered. Salary £7 to £10 per week according 
to experience. Reply to Box No. W 1555. 
RFSEARCH. A _ Tyneside engineering estab- 


lishment has openings for Electronic Engineers 
on desien, development and maintenance of 
electronic instruments and control gear. Candi- 
dates should have Degree or equivalent, and 


experience. Give full details education, experi- 
ence, etc. Write Box No. W 2094. 

RESEARCH ASSISTANT reauired for the 
Flectronics Section of the Motor Industry 
Research Association. Minimum qualification 
H.N.C. or equivalent. Minimum age 2. 
General instrument development experience 


desirable, some particular experience of audio 
frequency and/or ultra-high frecuency develop- 
ment work an advantage. The Section is con- 
cerned with the application of Electronic 
methods to Automobile Engineering Research. 
Appiications in writing, giving full details of 
experience, qualifications, education, age and 
salary reauired, to The Research Manager, 
Motor Industry Research Association, Proving 
Ground, Lindley, Nr. Nuneaton. W 2060 
SALES REPRESENTATIVE required with 
knowledge of market for ceramic parts and 
components. Full details of previous experience 
and salary required to Box No. W 1 


SENIOR Mechanical Design Draughtsmcn 
required with experience of electronic layouts 
for work on Guided Weapons and like projects. 
Reply stating age, qualifications and_experience 
to Staff Manager (Ref. R.G.), G.E.C., Stan- 





more Laboratories, The rove, Stanmore 
Common, Stanmore, Middlesex. 
SENIOR Electronic Devel t Engineer 


required to take charge of Engineering asso- 
ciated with Guided Weapons and like projects. 
Electronic Development Engi s also required 
for the same projects. Reply stating age, quali- 
fications and experience to Staff Manager (Ref. 
R.G.), G.E.C., Stanmore Laboratories, 

Grove. Stanmore Common, Stanmore, Middle- 
sex. W 2988 


SENIOR DESIGN Draughtsman, for prototype 
electronic equipment. Knowledge of Ministry 
of Supply requirements an advantage. Ideal 
working conditions. Canteen and travel facili- 
ties. Apply in writing, giving full particulars, 
to Furzehi!i Laboratories Ltd., Evesham Road, 
Bishops Cleeve, Nr. Cheltenham. 2084 


SENIOR ENGINEER required to be respon- 
sible for the development of electronic control 
systems and associated test apparatus. Candi- 
dates should be suitably qualified and _prefer- 
ably have experience of airborne a 
Applications will be treated in strict confidence 
Please reply, stating age, qualifications and 
experience and quoting reference M.42 to Box 
No. W 2051 

SENIOR ESTIMATOR required by the com- 
ponents division of a large East London Radio 
Company. Appticants must be capable of 
checking and building up detailed estimates on 
all components and coilwinding products. Pre- 
vious experience and ability to control per- 
sonnel essential. Excellent prospects. A com- 
pany Pension Scheme in operation. Please 
write, in confidence, giving details of experience 
and quoting reference No. M.65 to Box No 





SENIOR MECHANICAL DESIGNER. Excel- 
lent opportunity in light engineering and elec- 
trical field to deal principally with domestics, 
radio and television development. The position, 
which is progressive and permanent, attracts 
salary above average, according to age and 
experience. Pension Scheme. Practical experi- 
ence essential. Age 30 minimum. Write, Per- 
sonnel Manager, Vidor Ltd., Erith, “ee 


SENIOR PHYSICIST or engineer with wide 
experience of radio communications and radar 
is required to direct a research team in_ these 
fields at the Stanmore Laboratories of The 
General Electric Company, Limited. Familiarity 
with centimetric techniques, circuitry and pro- 
pagation is essential, together with a real know- 
ledge of the fundamental aspects of such work 
This is an appointment for a first class research 
man and carries an attractive salary commen- 
surate with experience. Applications should be 
sent to the Staff Manager (Ref. SS/NB.1), The 
Grove, Stanmore. Common, Stanmore, Middle- 
sex, giving full details of age, qualifications and 
experience. W 2077 


SERVICE ENGINEER aged 25-30 required for 
Pyrometry Section of The Morgan Crucible 
Co., Ltd. Successful applicant should have 
Higher National Certificate or equivalent and 
practical experience of installation, mainten- 
ance and calibration of all types of flow pres- 
sure and temperature instruments and_ elec- 
tronic and mechanical controls. Position is 
permanent and pensionable. Write giving details 
of age, experience, qualifications and salary 
required to the Staff Manager, Battersea Church 
Road, S.W II. w2 


TECHNICAL ASSISTANT (Electrical) required 
Higher National level. State experience with 
full details, etc. Pearce Transformer Co.. Ltd.. 
New Cross, London, S.E.14. W 2058 


TECHNICAL ASSISTANTS required for work 
in Electron’cs Laboratory. National Certificate 
standard. Experience in development F 
Equipment and Pulse and Wide Band Amplifier 
technique. Good prospects. Write, stating age, 
qualifications and experience to Personnel 
Manager, Burndept Ltd., Erith, Kent. W 2108 


TECHNICIANS between 20 and 30 years of 
- required for the initial and routine testing 
of relay wireless equipment including 1kW 
audio amplifiers. Applicants should have had 
some experience in the wire broadcasting, tele- 
phone or radio industries. Possession Cc. & 
G. and/or Nationa! certificates an advantage 
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Watt/hour efficiency 
90) 











NEGATIVE 
TERMINAL 
This MUST mean something to you 
NEGATIVE 
oe Savings*of up to 4/5ths of the size and 5/6ths of the weight 
POSITIVE can be achieved in comparison to other storage batteries 
|_- ELECTRODE of similar capacities. Owing to their unique character- 
istics there are many occasions when a smaller capacity 
“ PERSPEX ”* Venner cell can satisfactorily replace higher capacity lead- 
|— CASE acid or nickel-iron types. 











WRITE FOR BROCHURE GIVING FULL DETAILS ON THE VENNER 
SILVER-ZINC ACCUMULATOR 


® LIGHTWEIGHT 
ew, ACCUMULATORS 








WEIGHT AND SPACE SAVING BY 
VENNER ACCUMULATORS IS VITAL VENNER ACCUMULATORS LTD. 


IN MANY PROJECTS TO-DAY KINGSTON BY-PASS, NEW MALDEN, SURREY 
Telephone : MALden 2442 + Telegrams: Venulators Phone New Malden 

















SOLARTRON WIDE RANGE OSCILLATOR 










* 25 c/s—250 Keys 
* HIGH STABILITY 
* BUILT IN ATTENUATOR 
* CONSTANT OUTPUT 
* LOW DISTORTION 





SPECIFICATION MODEL OS 10! 
PREQUENCY RANGE 25 c/s to 250 Ke/s in four_ranges. This new wide-onas RC. Seas provides a convenient voltage 
source at audio and supersonic frequencies for measuring the 
ACCURACY Better than 1% or I c/s. frequency characteristics of amplifiers, transformers, filters, wide 
STABILITY Long term less than 0.1%. — systems — for general ven ge’ as , 
5 re ; eatures include constant output with change of frequency 
ATTENUATOR 60002 “T " type. Range 0-60db in | db steps. Low hum level @ Built-in attenuator @ Output monitored on 72 


OUTPUT Constant to within | db over full range. reading meter @ Low distortion Vernier for high resetting 
OUTPUT POWER 100 milliwatts into 600Q continuously variable 2¢curacy @ Ability to change frequency rapidly @ High grade 


f , ; 19 in. , 
and monitored on 2} in scale meter calibrated 0-10 volts. } cm acne g palo yoeng ae tare oe Se eee pene ae 


DISTORTION Less than 1% of the total output. Write for details of this and other high-quality instruments to : 
HUM LEVEL 0.1% of the maximum output. 


PRICE : £98. Delivery Ex Stock. S O L A R T R O N 


STABILISED POWER SUPPLIES . VIDEO AMPLIFIERS . LABORATORY AMPLIFIERS . PULSE GENERATORS 


SOLARTRON LABORATORY INSTRUMENTS LTD., 22 High St., Kingston, Surrey. 


KINGSTON 8981. 
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SITUATIONS VACANT (Cont’d.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
_tion t of Vacancies Order, 1952. 


Commencing wage between £5 10s. and £9 per 
week according to qualifications, etc. 5} day 
week, superannuation scheme and active sports 
and social club. Applications in writing to: 
Personnel Manager, British Relay Wireless mn 
343/5 Walworth Road, Southwark, ae ang 


THE ENGLISH ELECTRIC Co., Ltd., ptm 
requires a qualified Radar Engineer with good 
experience in centimetre radar and/or radar 
circuits. This work is of special importance and 
interest and is under laboratory conditions. 
Permanent Co post for the successful 
applicant. lary £600- p.a. according to 
experience. Please a quoting reference 
815SH to Central Personnel Services, English 
Electric Co., Ltd., 336/7 Strand, London, 

2 W 2093 


W.C.2. 

THE GENERAL ELECTRIC Co. Ltd., has a 
vacancy on their staff at Head Office for a 
young man in the age group 25/32 years who 
has a good personality and initiative. Appli- 
cants must have had a good general education 
and _ obtained an Ordinary National Certificate 
in Electrical Engineering. It is desirable that 
the applicant should have a knowledge of elec- 
tronics and ability to read engineering drawings, 
also some previous experience in “ye 
Government Contracts would be - —, a nee 

in writing, quoting reference “ 

to the Staff Manager, Magnet Som Kings- 
way, W.C.2. W 2096 


THE LABORATORIES of a leading firm of 
Communication Engineers in Southern England 
require the services of Senior Physicist to under- 
take development work on thermionic valves for 
— wavelengths. The position offers the 
gre on! to work on a subject of consider- 
technical jnterest, with ample scope for 
ingenuity. and enthusiasm. Applicants, who 
should possess suitable academic qualifications, 
will be required to show a good understanding 
of the principles of velocity modulation, and 
an appreciation of the operational requirements 
of microwave tubes. Importance is attached to 
experimental ability, and extensive experience 
with microwave measuring equipment is re- 
quired. The salary offered will be commensurate 
with qualifications and ability. Applications 
should be addressed to the ‘‘ Personnel Man- 
ager’’, c/o Box K.1641 A.K. Advtg., 212a, 
Shaftesbury Avenue, W.C.2. W 2064 


THE PHOENIX TELEPHONE and Elicctric 
Works Ltd., have a vacancy for an Engineer to 
assist in the design of domestic appliances. Only 
those who have first-class experience of the 
design and manufacture of Series Motors will 
be considered and should apply with full details 
of experience and qualifications to The Personnel 
Manager, The Hyde, Hendon, N.W.9. The post 
is permanent and pensionable. W 2111 


THE PLESSEY CO. LTD. propose to make 
the two following appointments: (a) Senior 
Radic Engineer. (b) Senior Television Engineer. 
Applications are invited from men who have 
the technical qualifications, initiative and 
organizing ability which will enable them to 
control a laboratory concerned with the 
development and design of commercial tele- 
vision receivers and commercial radio and 
communication equipment respectively for mass 
production. These posts carry considerable 
responsibility and commensurate salaries will 
be paid. Applications, which will be treated in 
strict confidence, to The Joint Secretary, The 
Plessey Company Limited, Ilford, Essex. 

W 2056 


THE RESEARCH LABORATORIES of The 
General E'ectric Company, Limited, propose to 
set up an organization. near Adelaide, South 
Australia, for trials and further development of 
guided weapon equipment which is at present 
under development in this country. Applications 
are invited from men with qualifications suit- 
able to fill the following vacancies: (a) An 
engineer to take charge of trials teams. (b) An 
engineer or physicist to take charge of a labora- 
tory engaged on the development and use of 
special test equipment. (c) A_ physicist or 
mathematician to take charge of a small group 
on the analysis and assessment of trials results. 
Candidates should have an Honours Degree or 
equivalent qualification. For post (a) and (b) 
they should have had experience of modern 
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radar or similar equipment and of supervising 
the work of a small number of experimental 
results is desirable together with ability to write 
clear concise reports and supervise the work of 
a small number of assistants. The successful 
applicants will commence employment in this 
country on the work they will ultimately be 
doing in Australia, and will be transferred to 
that country in due course. Details of con- 
ditions of employment, housing, passages to 
Australia, etc., will be given to candidates who 
are selected for interview. Reply quoting refer- 
ence KTH/AUST, to the Staff Manager, G.E C 
Stanmore Laboratories, The Grove, Stanmore 
Common, Stanmore, Middlesex, stating age, 
qualifications and experience. W 2078 
VACANCIES for young men who have served 
a recognized electrical engineering apprentice- 
ship and who are interested in electronics as 
applied to industrial installations. Selected can- 
didates will be trained to take care of_installa- 
tion, commissioning and_ servicing. Technica: 
qualifications. Preferably Higher National Cer- 
tificate standard. Remuneration according to 
experience and qualifications. Apply: Employ- 
ment Exchange, Rugby. Ref. Construction 
Dept., BTH, Rugby. WwW 

VACANCIES exist at the Stanmore Labora- 
tories of The General Electric Company, 
Limited, as under. Applicants should write to 
the Staff Manager, The Grove, Stanmore 
Common, Stanmore, Middlesex, quoting the 
reference against the vacancy and stating age, 
qualifications and experience. i. Graduate 
Mechanical Engineer is required for work on 
light engineering mechanisms of a reciprocating 
type. Three to five years’ experience or more 
is required (Ref. SS/WW.1). ii. Engineer with 
Higher National Certificate in Mechanical 
Engineering is required _— SM gi experience 
of small mechanisms 2). iii. 
Senior engineer or acacia with Honours 
Degree is required for design of system test 
equipment required in connexion with airborne 
radar. Previous experience in the field is essen- 
tial. Applicants should be between 30 and 35 
years of age (Ref. SS/RA.1). iv. Senior assistant 
is required for flight trials and assessment of 
airborne radar equipment. Experience of radar 
and similar work in the laboratory and in the 
air under operational conditions is essential. 
Candidates must be prepared to travel and 
work away from the Laboratories (Ref. 
SS/LK.1). v. Physicists and engineers with 
Higher National Certificate or Degree are 
required for electronic circuitry and _ servo 
mechanisms and_ smaller electro mechanical 
devices (Ref. SS/JM.1). vi. Physicists and 
engineers are required for the microwave field 
to work on_ aerials and components (Ref. 
SS/AH.1). vii. Physicists and engineers with 
Degrees and Higher National Certificates are 
reauired for a field trials team and for assess- 
ment work in connexion with the trials. Can- 
didates must be prepared to travel and work 
away from the Laboratories (Ref. SS/JP.1). 
viii. Engineers and physicist with Higher 
National Certificate are required for the design 
of small quantities of opel for experi- 
mental apparatus (Ref. SS/NB.2). Engineers 
and — with experience i: magnetic 
amplifiers or small power electric motors are 
also required (Ref. SS/NB.3). x. There is a 
vacancy for an engineer or physicist for work 
on transistors and co'd cathode valve circuitry 
(Ref. SS/NB.4). xi. Senior physicist or engineer 
is required for vibration test laboratory and to 
lead a small team engaged in the development 
of test techniques, vibration eouipment and 
vibration instrumentation (Ref. SS/CL.1). xii. 
Senior physicist or engineer is required for a 
team engaged on the development and app'i- 
cation of experimental stress analysis as an aid 
to the design of mechanisms. The work covers 
the fields of resistance strain gauge technioues, 
brittle lacquers and photo elasticity (Ref. 
SS/CL.2). xiii. A metrologist is required for 
work involving advice on workshop inspection 
techniques and undertaking accurate measure- 
ments required in the Establishment Ref. 
SS/CL.3). W 207 
VIBRATION ENGINEER reouired for work 
on an important Defence Project. Experience 
of monitoring techniques essential together with 
some theoretical know'edge of mechanical 
vibrations ~ shock. H.N.C. or equivalent pre- 
ferred but O.NC. acceptable in special cases. 
Write, stating aie reauired, age and details 
of qualifications and experience to Central Per- 
sonnel Services, The English Electric Co. Ltd.. 
336/7, Strand, London, W.C.2. W 2100 
WIREMAN REQUIRED. Experienced wiring 
e'ectronic equipment including Radar, etcetera. 
Must be capable of working direct from 
theoretical circuits without supervision. Some 
=e experience an advantage. Box No. 


YOUNG ENGINEERS with University Degree 
or equivalent qualification required for interest 
ing work on scientific and industrial instru 
mentation. Apply giving personal details and 
salary required to Cambridge Instrument Co 
Ltd., Sydney Road, Muswell Hill. W 1597 


YOUNG MAN with some knowledge of radio 


ired for 


and ability to write good English, 
ction in 


Publicity and Technical Publications 

leading Communications Company, ‘ 
London. Apply giving full particulars of quali 
fications and experience to Redifon  Ltd., 
Broomhill Road, Wandsworth, S.W.18. W 2085 


SITUATIONS WANTED 


TECHNICAL WRITER requires more pro 
gressive and responsible post. Experienced in 
all aspects of publication work concerning 
ps a television equipment. Box No 


FOR SALE 


AMERICA’S famous magazine Audio Engineer- 
ing, 1 year subscription 28s. 6d.; specimen 
copies 3s. each. Send for our free booklet 
quoting all others; Radio Electronics, ~— 
and Tele. News, etc. Willen Limited Dept: | 
101 Fleet Street, London, C.4. 


AVERY COUNTING —s for sale a = 
capacity. Unused 1951 odel. For further 
details apply Box No. we 1601. 


CATHODE RAY TUBE TRACES. By H. Moss, 
Ph.D. This monograph is based on a series of 
articles published in ‘* Electronic Engineering ”’ 

and contains the elementary theory of common 
types of traces with notes on their production. 
Considerable emphasis has been placed on the 
geometrical interpretation of the patterns and 
full notes on the techniques of the circuits 
required for the high degree of suitability are 
given in the appendices at the end of the book 


Price 10s. 6d., postage 6d. Obtainable from 
** Blectronic Engineering,” 28, Essex Street, 
Strand. 


DANGER HIGH VOLTAGE transfer labels, 
3” x 1%” in red and white, available Ex Stock 
early December, 4/9 per dozen, 27/6 per gross, 
£6 per 1000. Alexander Equipment J Ltd., Child's 
Place, Earls Court, London, S.W.5 - FRObisher 
6762. 2 


ELECTRONIC COMPONENT SUPPLIES. We 
specialize in the supply of Electronic Compo- 
nents, Accessories, Test Equipment, etc., for 
Government Depts., Industrial Concerns, Re 
search Establishments, Laboratories, Colleges, 
etc. Your enquiries and orders will receive our 
prompt attention. Holiday & Hemmerdinger 
Ltd., 74/78 Hardman Street, Deansgate, Man- 
chester, 3. Tel. Deansgate 4121. Ww 148 








FOR SALE. Wireless, Television and Electrical 
Business in main road North-West London 
Suburb, with very little opposition. Lock up 
shop, iease nearly 14 years to run at £300, 
rising to £325, fixtures and fittings, £2300, stock 
at valuation. Write Box W 1576. 


MAGSLIPS at 1/10th to 1/20 of list prices, 
Huge stocks. Please state requirements. 
Logan, Westalley, Hitchin, Herts. W 116 


MAGSLIPS of all types, Ipots, Sine-Cosine, 
Potentiometers, Selsyns Type SM1406, SJ2542, 
Mags'ip Gears and Accessories, for immediate 
delivery from  Servotronic Sales. See our 
advertisement on page 63. W 2104 


METERS. 0-500 micro-amps 2” scale _cali- 
brated 0-500 Flush Fitting. 12/6 each. P. & 
P. extra. Reduction Geared Motors 230 Volt 
A.C. Capacitor 10 watt rating final drive 120 
R.P.M. very powerful at right angle to motor. 
£4 10s. each, carr. extra. Oil filled conare 
sers .25-.25 at 4.5kV + 4.5kV with usual H.V 

terminals 4/6 each. .01 at 7kV and .02 at 
12kV 2/6 each. 80 mmf at 6kV at 2-500 kc 
4/6 each. Dakin, 13 Church Road, 
Birmingham, 15. W 1603 





CLASSIFIED ANNOUNCEMENTS 
continued on page 8 
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Free circulation comes to a stop when machinery 
pumping corrosive liquids deteriorates, as it often 
does, through chemical action. In this particular 
pump-casing, the problem was solved by the use of 
Tufnol, with its strong resistance to corrosion : and 
since only a few of 
them were required 
—the cheapness of 
their machining, in 
my comparison with pro- 
An example of Tufnol rolled and duction costs for 

moulded on to a metal centre, casings made of metal, 
was yet another advantage. Tufnol’s combination of 
qualities is unique! In what other material, for 
instance, can you find extreme lightness in weight; 
good structural strength; excellent electrical insula- 
ting properties ; high resistance to impact and shock; 
and a capacity for withstanding extremes of climate ? 
Its field of application is immense !_ Whether used 





TUFNOL LTD PERRY 
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BARR - 


DEADLOCK 


in the standard forms — sheets, tubes, rods, bars, 
angles and channels, or in shapes moulded to 
specification, Tufnol offers the engineer new freedom 
for his ideas. 


TUFNOL OPENS THE WAY... 


for the engineer with imagination. 
Every day fresh uses are being 
found for Tufnol: there is bound to 
be a way in which it could help you. 
Literature shows what Tufnol has 
done. If you think you have a NEW 
use for it, let our Technical Staff 
help you develop your idea. Send 
us particulars TODAY ! 


i 
}\. TUFNOL 


REGISTERED TRADE MARK 


An ELLISON Product 
BIRMINGHAM - 228 
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FOR SALE (Cont'd.) 


MINIATURE BALL BEARINGS, Steel Balls, 

Stainless Steel and Phosphor Bronze Ball's. 

Prompt delivery. Distributors: Ensley Gongen) 

Ltd., 21/22 Poland Street, London 

GERrard 8104 and 2730. W ISS. 
0.005” thick and 


PURE BERYLLIUM FOIL, 
Beryllium Metal Discs for X-Ray Tube Win- 
dows; ar Trading Ltd., 240 High Street, 
London, N.W.10. W i41 


SINE-COSINE RESOLVERS (3” Magslip 
Transmitters No. 5, AP 10861). Brand new, 
each in maker’s tin. Offered in quantity at less 
than one tenth of cost. Export inquiries in- 
vited. P.B. Crawshay, 166 Pixmore Way, 
Letchworth, Herts. W 153 


TOROIDAL COILS wound, and latest potted 
inductors to close limits. Bel Sound Products 
Co., Marlborough Yard, Archway, —, 1» 


UNREPEATABLE! Lab. Audio Generator, 
Sc/s-20c/s in 2 o_- sine/square attenuator 
C. Follower o/p uilt in power unit. A 
really good instrument. Only £8. Inquiries 
welcomed with S.A.E. Please. EES 

“* Cleland,’’ Ashtead, Surrey. W i555 


WEBB’S 1948 Radio Map of the World, new 
multi-colour printing with up-to-date call a 
fresh information; on heavy art pape 
4s. 6d., post 6d. On linen on rollers 11s a. 
post 9d. W 102 


BACK NUMBERS of Electronic Engineering. 
The Publishers will buy copies of certain back 
issues of ** Electronic Engineering ’’ provided 
that they are in good condition. Details, in- 


cluding date of issue should be sent to Circu- 
Strand, 
W 2059 


lation Mes 28 Essex Street, 


London 


Co., 
Laindon 122. 


EDUCATIONAL 





CITY & GUILDS (Electrical, etc.) on ‘* No 
Pass—No Fee ’’ terms. Over 95 per cent suc- 
cesses. For full details of modern courses in 
all branches of Electrical Technology send for 
our 144-page handbook—Free and post free. 
B.1.E.T. (Dept. 337C), 17 Stratford Place, 
London, W.1 W 142 
FREE. Brochure giving details of courses in 
Electrical Engineering and Electronics, covering 
A.M.Brit., I.R.E., City and Guilds, etc. Train 
with the Postal Training College operated by 
an Industrial Organisation. Moderate _ fees. 
E. Institutes. Postal Division, Dept. EE29, 
43, Grove Park Road, London, W.4. (Associate 
of H.M V.). WwW 8 


SERVICE 





METALWORK. All a cabinets, chassis, 


racks, etc. to you own — 
Philp tt’ s Metal Works "Ltd. (G4BI, Cha 
Street, Loughborough. 


SKILLED capacity available for small lots of 
quality wiring and assemb!'y. Small subcontracts 
a speciality. Box No. 13 


SOLDERING TAGS and Eyelets, Rg Nuts 
and Washers for all purposes. Allnutt & 
Lee Chapel Lane, Langdon Orie, win 


THE ELECTRICAL INSTRUMENT REPAIR- 
ERS. All kinds of meters, Vélt, Amp, Galvo, 
recording, Electric Clocks, Aircraft instruments 
repaired. We are also skilled MHorologists. 
Government Ministry enquiries invited. Ask 
for estimate. Send your enquiries to: Mr. J. R. 
W. Ridgway, F.B.H.I., J. R. Ridgway & Co., 
341 City Road, E.C.1. TERminus 0641. 


W 1528 
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The 
PARTRIDGE - WILLIAMSON 
OUTPUT TRANSFORMER" 


To convert formule to actual 
performance implies the use of 






Potted type the very highest standards in the 
(asillustrated) materials and workmanship 
£7 5s. 3d. employed. Since the inception 

in 1947, of the now world-famous 
De Luxe type = Williamson Amplifier, Partridge 
£6 16s. 6d. “ to-specification”” components 


have been the insistent choice of 
the experts. This transformer is 
available in a varied range of 


impedances. Secondary windings 
are brought out to it separate 
sections of equal impedance. 


Stock types comprise 0.95 ohm, 
1.7 ohm, 3.6 ohm and 7.5 ohm 
sections. 


Full technical data on request 


PARTRIDGE 


TRANSFORMERS LTD 


ROEBUCK ROAD - ‘KINGSTON BY-PASS - TOLWORTH - SURREY 


PHONE : EL Mardge 67376 
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* Colonial Services. 
Fixed and mobile stations. 


* 
—— 
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* Navigational Aids and Communications 
Equipment for Marine and Air Services. 
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spans the world 


REDIFON LIMITED, Broomhill Road, London, S.W.18. 


Designers & Manufacturers of Radio Communications & 
Industrial Electronic Equipment. 


*Phone: NANdyke 7281. 
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A HIGH QUALITY PRODUCT 
IN ROLLS OR COILS 


Tests have proved that 

‘CASTLE’ LEATHEROID is of the 
highest quality and can be 

safely recommended for use where 


perfect insulation is required. 


Manufactured by 


Nleanised Fibre’ltd 


BROADFORD MILLS GUILDFORD ENGLAND 
and 8 King William Street, London, E.C.4. 


MAKERS OF THE. WELL-KNOWN ‘ CASTLE’ VULCANISED FIBRE 





Anderson 
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This outstanding ‘‘ Standard” V.H.F. Attenuator now in its 


second year of production remains the first and only accurate instru- 
ment of its kind and continues to meet a heavy demand from leading 
organisations and authorities the world over. 


Four models now available 


Characteristic Impedance 


0-9db in Idb steps 


0-90 db in 10 db steps 





Accuracy of D.C. adjustment 


0-9db Models: 
0-90db Models: 


High frequency performance 


0-9 db Models : 


0-90 db Models : 





75 ohms 50 ohms | 


} Type 74600-E | 


Type 74600-A 


Type 74600-F | 


Type 74600-B 





All types will handle inputs up to 0.25 watts 


The insertion loss error will not exceed +0.05 db for any setting. 
The insertion loss error for the 90 db setting will not exceed 
+ 0.3db. For other settings this limit falls linearly to a value of 

+0.06 db at the 10 db setting 


At 50 Mc/s the insertion loss error for the 9db setting will noc 
exceed + 0.15db. For other settings this limit falls linearly to a 
value of +0.05 db for the | db setting. 

At 50 Mc;s the insertion loss error will not exceed +-0.Idb per step 
N.B. All insertion loss errors are relative to zero db setting 


Ready for Building into your own equipment. 
Calibration charts for frequencies up to 100 Mc/s for the 0-9 db models or 65 Mc/s for the 0-90 db 


models can be supplied on request. 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 


TRANSMISSION DIVISION, 


ELECTRONIC ENGINEERING 


NORTH WOOLWICH, rctONDON, El6 
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VALVES, GERMANIUM CRYSTALS AND CATHODE 
RAY TUBES FOR TELEVISION 


This table consists of the latest additions to our television range, namely 
B309, N309, LN809, U329 and 6901A, together with the well established 
television valves, germanium crystal diodes, and cathode ray tubes. 











Vision | Vision Video | Video | Sync. | Line | Line | Booster! EHT 
Mixer | Amplifier | Detector | Amplifier Separator) Osc. | Output | Diode | Rectifier 
py | N309  B309 | U329 | 
GEX66 Z77 GEX35 ar 7. cir. Vx NSF U37 
z77 Z77 | U319 
a4 | | 
PSs een pelos Se eee nen ee ee —__|—__________|- eae 
| Sound Sound | Sound . 
Frame Frame | Noise | Spot Power | Cathode 
.«. (ChannelA.F.\ChannelA.F.) Channel |... hae : 
Osc. Amplifier Amplifier Output | Detector | Limiter | Limiter | Rectifier | Ray Tube 
nein rial 16” 6901A 





4LN309  4LN309 





| | | | 1” | 6705A 
| $LN309 | 4LN309 | GEX44/1| GEX44/1| GEX44/1| U309 | '* | 6706A 
B309 N37 | | | | | gy | 6504A 
| | | | 6505A 











The B309 is a B9A based double triode, suitable for vision mixer or 
time-base oscillator application. The valve has separate cathodes and a 
12.6 volt, 0.15 amp. heater which is centre tapped for 6.3 volt or series 
operation at 0.3A. 

The recent introduction of large screen television receivers using 
higher EHT voltages and wide scanning angles has necessitated increased 
power and efficiency in scanning and video amplifier circuitry. The 
N309, a B9A based pentode, has been developed for use as a video power 
amplifier to produce the increased drive required. A booster diode 
U329, having a heater to cathode insulation of 7.5 kV and a PIV of 7 kV 
necessary to withstand the high peak voltages encountered in the primary 
of the line output transformer, results in higher energy recovery; its 
0.3 amp. heater permits series operation. 

The LN309 is a small output tetrode combined with a medium impedance 
triode mounted on a B9A base. The systems are completely separate, 
except for the common heater, and these lend themselves to both sound 
AF amplifier and output, or frame oscillator and output channels. 

The 6901A 16” cathode ray tube has a 70° scanning angle resulting in 
an overall length actually less than that of the G.E.C. 12” tubes. The screen 
is aluminised, as is common practice with G.E.C. Television tubes, and a 
sensibly flat screen is provided giving a wide viewing angle. 

Germanium diodes have numerous advantages such as small size, low 
capacitance and high forward conductance, and their use is now firmly 
established in current T.V. practice. The most common applications are 
vision detector (GEX35), sound detector (GEX44/1) and sound limiter 
(GEX44/1). For the home constructor and experimenter they are parti- 
cularly attractive since heater wiring and valve holders are not required, 
and they can be tried with great ease in various circuit arrangements. 

Data on specified valves, C.R.T. and Germanium Crystals is available 
on request from the Osram Valve and Electronics Dept. 


GENERAL ELECTRIC €O., LTB, MAGNET HOUSE, KINGSWAY, W.C.2 
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You can now avoid the slightest risk that 
delicate electronic instruments will be 
“Damaged in Transit’’. HAIRLOK, which 

is a new form of resilient packing, ensures 
perfect protection because it is moulded to fit 
the shape of the product exactly. It can be 
moulded as hard or as light as required and will 
withstand any shock load including low frequency 
vibrations and varying climatic conditions. 
HAIRLOK complies with government specification and 
4 is non-staining to silver. To ensure that equipment is 
‘Received in Perfect Condition” specify Hairlok packing. 
i We shall be glad to send full details on request. 


COMPANY LIMITED 


IDDESLEIGH HOUSE, CAXTON STREET, LONDON, S.W.I. TELEPHONE: ABBEY 6722. 
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ATTENUATORS - FADERS - STUD SWITCHES AND TOGGLE SWITCHES 

WIREWOUND POTENTIOMETERS - HIGH STABILITY CARBON RESISTORS 

WIREWOUND RESISTORS + PLUGS AND SOCKETS - TERMINALS 
KNOBS DIALS AND POINTERS 


MULTI-CONTACT PLUGS AND SOCKETS 


Rating: 5 Amps./500 volts. ; Silver-plated Beryllium-Copper contacts 
From 2 way—33 way types available, with alternative mountings and cover facilities. 


PAINTON 
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A MINIATURISED version of the well-known 
A.B. ‘H’ Type Switch. 


The same utter reliability that has made its big brother 
famous is engineered into this switch and its complete 
flexibility of application makes it a “‘must” in equipment 
where space is at a premium. 


Early deliveries can be given and we cordially invite your enquiries 





Metal Products Ltd 


16, BERKELEY STREET, LONDON, W.I. 
"Phone: Grosvenor 5206/7 
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G.E.C. Selenium Rectifiers are ideal for all 
applications where a D.C. power supply is to be 
provided from an A.C. source. They are designed 
and rated for long life and reliable operation, have 
high operating efficiency and are economical in 
first cost. A comprehensive range is available for 
output currents from a few milli-amps. to thousands 
of amps. 

Full particulars available on application to 
E.S.V. Dept., Magnet House, Kingsway, London, 
W.C.2, or the address below— 

















SALFORD ELECTRICAL INSTRUMENTS LTD: SALFORD 3: LANCS 


A SUBSIDIARY OF THE GENERAL ELECTRIC. CO LID OF ENGLAND 
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THE 
GREAT 
b MASTERS 


Leonardo da Vinci (1452-1519). A great Italian painter, 
sculptor, musician, mechanician, engineer and natural 
philosopher. Although famous for many military and civil 
engineering projects—at one time he served King Louis 
XII as ‘‘Painter and Engineer in Chief’’—he is best known 
for his portrait of ‘‘La Gioconda’’ the ‘*‘Mona Lisa’, a 
painting which casts an irresistible spell over all who 
view it. 


Today Taylor Tunnicliff, though best known as masters of 
High Voltage Insulation, keep pace with the advances 
electricity is making in so many ice A divergent fields, 
matching progress with the effective insulation of porcelain. 


TAYLOR TUNNICLIFF & CO., LTD. 


Masters of Porcelain Insulation 


PORCELAIN INSULATORS & BUSHINGS FOR ALL HIGH VOLTAGE INSULATION - DIE MADE PORCELAHNS 
LOW LOSS CERAMICS - REFRACTORIES FOR ALL ELECTRICAL HEATING « FISH SPINE BEADS 


HEAD OFFICE: EASTWOOD - HANLEY - STAFFS - Stoke-on-Trent 5272/4 
LONDON OFFICE: 125 HIGH HOLBORN - W:C'1 ~ -Holborn 1951/2 
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euLLY: re t D. APPROVED FOR DEFENCE PROGRAMME 


} “REQUIREMENTS: 
_ AMPLE CAPACITY AVAILABLE - FOR ALL COMPRESSION 
“MOULDINGS, UP TO 250 TON PRESSES, AND SMALL 
PRECISION MOULDINGS IN THERMOPLASTICS. : ! 
SPECIAL GRADE MOULDINGS IN MELAMINE AND NYLON- 
FILLED PHENOL. 
PROMPT ATTENTION TO ALL ENQUIRIES. 
GOOD, RELIABLE DELIVERY, AND FIRST-RATE QUALITY 
IN PRODUCTION. 
A REPRESENTATIVE WILL CALL, IF DESIRED. 


. 


oO : ail SRA NAME PLATES FROM 

UR NAME ENGRAVED 

OR ANY NAME-PLATE WOR! STANDARD TOOL 
IN THIS SPACE : Attractive name plates to your own 


wording at extremely keen prices. 


VISCOSE DEVELOPMENT COMPANY LIMITED 
WOLDHAM ROAD, BROMLEY, KENT. RAVENSBOURNE 2641 
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MARCONI 





serves 


mankind 











Marconi was a lone thinker who 





revolutionised communications by 
methods “the entire meaning of which 
no one before him had recognised.” 
There is a great contrast between 

his crude copper-sheet aerial and the 
Marconi equipment which televises 
such programmes as the opening 

of the new House of Commons and e 
the sessions of the United Nations. 


But there is also a great similarity — 





Marconi’s tradition of service 


to mankind. 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD - CHELMSFORD - ESSEX 
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:.. in the sausage and the sander, there is no similarity in appeal or use, 
‘yet in this modern age, when electricity is the universal handmaiden, 
there is a common bond — the switch. 
Whether in the preparation of food or in industrial processes, the basic control 
of electrical appliances can be effected with complete dependability by one of 
the range of N.S.F.-Cutler Hammer Switches. 
In electronic and electrical equipment involving circuit selection, the N.S.F.-Oak Switch 
has achieved equal success under the most exacting conditions of operation. 
For similar duties, where remote control is necessary, the combination of the 
N.S.F.-Ledex Rotary Solenoid and N.S.F.-Oak Switches will provide automatic 
circuit selection unequalled in flexibility and scope. 
The N.S.F. - Ledex Rotary Solenoid can also be used successfully in a wide variety of 
mechanical devices requiring a high torque, snap action, rotary movement 





applied through an angle of up to 95°. 
Full details of all N.S.F. products are available on request. 


Switch to N.S.F. for better switching 





—EE NS 
CUTLER’-HAMMER 


lei 
FSS APPLIANCE SWITCHES = 








“ifica N-S.F. LIMITED 


OAK PRODUCTS = _5 KEIGHLEY «+ YORKS 


Phone: Keighley 4221/5 
LONDON OFFICE: 9 Stratford Place, W.I. Phone: Mayfair 4234 Grams: ENESEF, Keighley 














Sole licensees of Oak Manufacturing Co., Chicago, and G. H. Leland Inc., Dayton, U.S.A. 
Licensees of Igranic Electric Co. Ltd. for the above products of Cutler-Hammer Inc., Milwaukee, U.S.A. 
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Taking up dust wherever ‘it goes, the Hoover “Dustette” does 
its job, efficiently and hygienically. In workmanship and materials 
it reflects the highest quality, down to the very screws. And here’s 
where we take a bow. Because they measure up to Hoover-high 
standards Linread screws are used in all Hoover products. 
Why Linread — because intensive metallurgical research and strict 
control in manufacture ensure that our screws are as good as 
screws can be. Hoover is only one of many household names 
with whose products we are proudly associated. Like the buyer 
of a Hoover cleaner, these manufacturers are discriminating 
in their choice. They will have nothing but the best, 
and for all types of small fasteners that is 
synonymous with Linread. 


We supply 

all industries requiring 
small fasteners of the 
highest quality to hold 
together the products 
they manufacture. 


Our specialists are 








always at your service 
to advise and assist you 
with your own particular 


problems. 





LINREAD LTD. STERLING WORKS COX oT. BIRMINGHAM 3 


SACOM ASA © CANN NGL OIL 
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The Metrovick 


MAGNETIC 
AMPLIFIER/THYRATRON 
CONTROL SCHEME 


Electronic control gear has been used in indus- 
try for some time to give high performance 
and to deal with difficult automatic control 
problems. Performance of fully electronic gear 
is often much higher than is necessary; the 
magnetic amplifier thyratron combination re- 
tains the advantages of electronic control 
technique, at the expense of slightly reduced 
performance, but adequate for the majority of 
industrial drives. Coupled with this are the 


advantages of greatly simplified circuitry and 
improved reliability. 


The illustration shows a standard § h.p. unit as 
used for small printing presses, machine tool 
drives, or dancing roller systems of control in 
continuous processes such as paper and rubber 


manufacture. 














METROPOLITAN-VICKERS ELECTRICAL CO, LTD., TRAFFORD PARK, MANCHESTER 17 
Member of the A.E.1. group of companies 


METROVICK for simplification in electronics 
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A WIDER ’SCOPE 





Forgive the pun—but the 
latest model 1684D/2 now 


handles signals up to 4 Mc/s. 





This is perhaps a_ small 





point but the additional 


facility will be welcomed by 


both TV and pulse engineers. The 
the 

and 

ALL the. distinctive full 
features of the Furzehill direct usir 
coupled Oscilioscopes have "ae 
been retained thus ensuring hig! 


that it is still the most 
versatile general purpose in- 


strument available. 


% UNIFORM RESPONSE 
FROM D.C. TO 4 Me/s 


% NEGLIGIBLE PHASE SHIFT 
% HIGH DEFLECTION _ SENSITIVITY 

% IDENTICAL X & Y AMPLIFIERS 

% BALANCED OR UNBALANCED SIGNAL INPUT SYSTEMS 

% TIME BASE 0:2 c/s TO 150 Kc/s—AUTOMATIC SYNCHRONISATION 

* X & Y TRACE EXPANSION AND INSTANTANEOUS SHIFTS 





LABORATORIES LTD., BOREHAM WOOD, HERTS. H 
CABLES : FURZAB, LONDON TELEPHONE : ELSTREE 3940 
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FERRANTI 


Transformers 
and Ghokes 


The ‘H’ range transformers and chokes are designed to meet 
the most stringent requirements for Service and Civil Radar 
and Radio Equipments. They are hermetically sealed and 
fully tropicalized, and their compactness is made possible by 
using ‘C’ cores of high efficiency. Each unit is individually 
tested. Components can be supplied to meet individual needs 
with ratings up to 1}. kVA at 50 cycles and correspondingly 
higher ratings at higher frequencies. 


“an be 





o 





HW’ range 
Hermetically sealed. ‘C’ core construction 


FERRANTI LTD. TECHNICAL SALES DEPARTMENT FERRY ROAD EDINBURGH 5 
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Astronomically Speaking 


If our total production of all types of winding wires in the last fifty 

years could be tied end to end, it would stretch up to the sun — 

93 million miles away — and most of the way back again. 

So now you have a fair idea of our total production in length — 

or have you? 

We just mention this astronomical data en passant: the idea of 

running up to the face of the sun in a temperature of some 10,000°F 

doesn’t appeal to us in the least. Making and keeping more and more 

satisfied customers is our primary interest. 

The largest manufacturers of fine enamelled wire in the world. - 





CONNOLLYS (BLACKLEY) LTD. MANCHESTER 9 Tel: CHEetham Hill 1801 





LONDON OFFICE: 34 Norfolk St., BIRMINGHAM OFFICE: 19 Bent Avenue. 
London, W.C.2 TEMple Bar 5506 Quinton, Birmingham, 32 WOOdgate 2212 
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PROBLEM- 
45x23 
SOLUTION- 











CONTINUOUS 


STORAGE UNIT 


Tis your slide rule—the real answer is 870— 
that’s the number of different resistors in the ‘T’ & 
‘R’ range — 145 preferred types in two wattages and 


BRITISH PATENT No. 680632 
three tolerances. 








Add to that, the fact that it is necessary to carry 
stocks of each, it’s no wonder the problem of RESISTOR SPECIFICATION 
storage is a real headache — unless of course they’re 
LABpak’d. Ref. | Type | Loading | er ; Range | Dimensions 
LABpak continuous storage units solve the whole T | dewatt  j-wate | 250 | tohms | a x A’ 
problem giving positive segregation of ohmic values R | d-wact| I-wace | 500 | to 10 exy 
with finger type selection of card index simplicity. ape 
Carded LAB resistors may be added as stocks deplete Tolerance available +20%, +10%, 5% 











and are readily obtainable from usual wholesalers. 
Furthermore, the continuous storage unit is FREE 


with a small initial order for 180 type ‘ R’ or 240 type The Lab Continuous Storage Units are available 
The scheme’s well worth investigating — ask your detailed information can be obtained on request. 


wholesaler or drop us a line for illustrated list. 


THE RADIO RESISTOR COMPANY LTD. 


50 ABBEY GARDENS, LONDON, N.W.8  - Telephone: Maida Vale 5522 
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* e 
WH IB can ruin 


reputations ! 





BERCO 
hand-operated 
single-phase Regavolt. oe 





When reputation and goodwill has been 


built on consistent and unvarying high 





quality the efficiency of plant and apparatus 
behind the product must be maintained at 
high level. ‘ V.F.”* (Voltage fluctuation) is 
the menace which faces many engineers in 
charge of electronic equipment and the + fluc- 
tuation in mains voltage supply calls for proper 
voltage control. 


For constant voltage use a model from the wide 





range of Automatic Stabilizers made by British 


Power Transformer Co. Ltd., for single and three 





phase supplies. 


For variable voltage select a “‘ Regavolt”’ from the 





wide range of models made by The British Electric 


Resistance Co. Ltd. 





Interesting information and full performance 





details given in booklet No. C5031. — SPT. Aust: ‘ 
Voltage Regulator. 3 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
BRITISH POWER TRANSFORMER CO. LTD. 


Queensway - Ponders End - Middlesex 
Telephone : HOWard 1492 Telegrams: ‘‘Vitrohm Enfield ’’ 





BR/BP. 5031/T 
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"THE Monoscope is basically asimple caption 


scanner apparatus capable of providing a 
video signal derived from a fixed pattern 
within the tube. 

Almost any pattern comprising pure 
line, halftones or a combination of both 
can be supplied on receipt of specific 
requirements, and two standard types are 


available. 
Type J.1o1 — Test Chart: **A”” 
Type J.201/XI— Test Chart ““C”’ 


CINEMA-TELEVISION LIMITED 


A Company within the J. Arthur Rank Organisation 


WORSLEY BRIDGE ROAD 


Telephone: HITher Green 4600 ‘ 

SALES AND SERVICING AGENTS ww ° 
Led. Atkins, Robertson & Whiteford Ltd., 

287 Deansgate, Manchester, 3 s9 Moor St., Birmingham, 4 100 Torrisdale Street, Glasgow, S.2 | ) I F 


F. C. Robinson & Partners Ltd., Hawnt & Co., 





| 
| 
| 
| 
| 











TYPICAL OPERATING DATA 
Deflection - -  - electromagnetic 
Focus- - - - - electrostatic 
a ee ee ee es | 
Vg (cut-off) - - - - -50V 
a 1200V 
Va2 (focus) - - = - 800/850V 
Va3 (wall) a ee 1200V 
0 160/1200V 
Ttamget - - = = + = ga 
Resolution better than 500 lines 
Video Signal o.5yA peak to peak (min) 




















LONDON «<: SE26 | 


) 


~~ 


——_, 


| 


DECEMBER 1952 


E=_Z- IV. TRADE MARK 


20 ELECTRONIC ENGINEERING 








The “Belling-Lee”’ page 
for Engineers 


TF 
27-78™),, 


THERMAL DELAY SWITCHES 


Thermal delay switches for use with motor drives, 
electrical tools, etc.; also for application to non-critical 
LIST NUMBERS process timing. The type illustrated above (List Number 

1.413 L.423 L.415) shows a manual resetting switch. 
7 Where an automatic self-resetting type is required, these 
L.415 L.424 are available under List Number L.413 (illustrated below). 
L417 L.395 Apart from the resetting mechanisms, the general 
" arrangement and electrical characteristics of the two types are 
similar. Each is fitted with Standard instrument contacts 
which will break a maximum current of 4 amps. at 250 volts 

A.C., or 2 amps. at 50 volts D.C. 





| 


es ae 
32:15 M/y 


They can also be supplied to special orders, to break up 
to 20 amps. at 250 volts A.C. or § amps. at 100 volts D.C. 
The maximum continuous rating is 10 amps.; normal 
FURTHER DETAILS no loading for a —-. 3-4 watts at any 
voltage up to 50 volts A.C. or D.C. 
ON APPLICATION For intermittent operation, a heater loading up to 25 
watts is permissible. The heater may be in series with main 
contacts, or independent, being insulated for 250 volts A.C. 
working potential to bi-metal. 


Please write for illustrated pamphlet Ref. P.377/E.E. 


BELLING ¢ LEE LTD == 


i CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND | 
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Precision 
Cathode Ray 
Tubes 


Double Beam Tubes 

Types D6 & D4 

These tubes employ two _ fully 
independent guns characterised by 
accurate alignment giving freedom 
from spot abberations. They have 
high plate sensitivities with the 
minimum . deflection defocusing. 
Four pairs of push-pull deflectors are 
incorporated and the two beams are 
completely free from intermodula- 


tion. The tubes have flat faces and 





are based with standard !2 side- 
contact caps having four additional 


sockets in the base plates. 





20th Century Tubes 


MANUFACTURERS 
OF PRECISION 
CATHODE RAY TUBES 
AND 
GEIGER COUNTER 
TUBES 





Type. 
Diameter 


Overall lengths (mms) 48037 
Sensitivity 
mm/V x VA; 











Y Capacity... 
~ Heater Volts 
VA; Max. KV... 
~ VA, Max. KV 
VA, (VA,=2KV) volts 300 
_ Vg for cut-off (max.) ... —100. - 


Drive for 20ua IB... ~——-20v 























20" Century 
Electronics Limited 











20th CENTURY ELECTRONICS 


a 
4 
Oo 


DUNBAR WKS., DUNBAR ST., LONDON, S.E.27 


Telephone: GIPsy Hill 2277 
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As the World’s foremost 
manufacturers of electric cables 
and their ancillary equipment, 
BICC have made many important 
contributions towards the 
technique of British Television 
Some of these are described here. 








T/V CAMERA CABLE 


Close collaboration with equipment designers 
had enabled BICC to develop a symmetrically 
designed camera cable which is small, strong 
and flexible. Only .850; in diameter, it 
contains 36 separate conductors and is the 
sole link necessary with the control panels. 


POLYPOLE CABLE COUPLER 


This is a moulded-on coupler. It is the 
most successful means devised for over- 
coming the problems of conductor end 
breakages and its great mechanical 
strength ensures a long trouble-free life. 
The requirements of reliable contact 
and adequate screening are fully met. 


R.F. CABLES 


BICC manufacture many types of R.F. 
Cables covering all normal telecommunication 
and electronic requirements involving fre- 
quencies up to 1,000 Mc/s and higher. 
They are available with coloured sheaths for 
circuit identification and are extensively used 
in this form in B.B.C. Television Studios. 


In addition to the manufacture of cables for 
television, ranging from Trunk Coaxials to T/V 
Downleads, BICC can supply all the power distribu- 
tion and low voltage cables necessary for the reliable 
operation of Studios and Transmission Stations etc. 


Information on all BICC Products for Television 
is freely available on request. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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“‘ Quick ? th’ ead” 


Remember those early office 
machines? A foot of figures 
painfully set; a button 
pressed; grinding calculations 
that added up to - a lot 

of noise! Now the electronic 
"brains' of the backroom boys 
solve in seconds problems 

to fox mathematicians 

for months. Enjoying the 
confidence of the quiet-eyed 
constructors of both machines, 
Parmeko keep their own 
Transformer developments 
abreast of all these changes. 
Specialization has its. 

OWN TEWATU. coccce 


PARMEKO 0/ LEICESTER 


Makers of Transformers for the Electronic and Electrical Industries @ 
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A New Standard of Reliability in Voltage Stabilising Devices chan 
parti 
Employing the sputtered metal technique, successfully proved in the 85A2 revise 
voltage reference tube, this new Mullard 150 volt stabiliser, the 150B2, sets a new Liter: 
standard of reliability in voltage stabilising devices. ac 
Some of the more outstanding advantages of this tube include close tolerance burning — 
voltage, very much reduced voltage fluctuations, freedom from sudden large jumps the s' 
throughout the working current range, and a voltage output variation of less than one Britis 
per cent throughout life. Since 
Constructed on the miniature B7G base, the 150B2 should prove of great value in the Conv 
design of compact industrial equipments where an extremely accurate and reliable Js pr 
performance coupled with a maximum saving in space is required. ee t 
Brief technical details of this tube are given below. More comprehensive information He 


will be gladly supplied on request. sve 
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PRINCIPAL CHARACTERISTICS mend 


Nominal burning voltage 150 V Max. ignition voltage 180 V Current range 5to IS mA embo 
Incremental resistance at |OmA 2500 Base B7G Sin 
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Commentary 


N the whole, the relationships between publishers and 
QO) authors of scientific works are among the happiest, 
and the law of copyright, designed to protect their mutual 
interests, would appear to be in little need of revision. 

But scientific works do not in general create great public 
interest and once we embark on matters which affect the 
wider public we are immediately aware that all is not 
well with law of copyright. 7 

Very welcome therefore is the report of the Copyright 
Committee* which has just been published and which, if 
the recommendations contained therein are accepted, will 
go a long way to clearing up the present state of con- 
fusion, although with regard to some of the more 
controversial problems the Committee finds itself unable 
to make any suggestions. The Committee was set up in 
April, 1951, under the chairmanship of Lord Reading (who, 
however, resigned on his appointment as Under-Secretary 
of State for Foreign Affairs and was replaced by Sir 
Henry Gregory), and under its terms of reference was 
“To consider and report whether any, and, if so, what, 
changes are desirable in the law relating to copyright 
in literary, dramatic, musical and artistic works in 
particular regard to technical developments and to the 
revised International Convention for the Production of 
Literary and Artistic Works signed at Brussels in June, 
1948, and to consider and report on related matters.” 

The present Copyright Act based on the original Berne 
Convention of 1908 was passed three years later to remove 
the state of confusion existing at the time and “to put the 
British Law on an intelligible and systematic footing.” 
Since that date there have been revisions to the Berne 
Convention of which the latest, to which Great Britain 
is proposing to accede, was signed at Brussels in 1948. 
But the original Act was passed more than forty years ago 
and there were few technical developments at the time 
which called for special treatment in the Act. The 
gramophone was, of course, the first of what was referred 
to as a technical development and though svecial recom- 
mendations were put forward at the time, they were not 
embodied in the Act. 

Since the gramophone, have come the cinematograph. 
radio and television in which public interest is great, and 
the Committee feels. quite understandably, that the present 
recommendations will be subject to considerable criticism 
and debate. 

Th.re has been in the post-war years a tremendous 
revival of interest in the gramophone due, no doubt, to 
the improved methods of recording and reproduction but 
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controversy between the gramophone recording companies 
and performers is not so keen as it was. The main prob- 
lem today is to break the deadlock existing between the 
BBC on the one hand and the various sporting and 
theatrical interests on the other. 

To a limited extent the BBC and the sporting associa- 
tions have been able to come to terms in the past and 
only shortened sound broadcasts have been allowed for 
some of the major sporting events. But the advent of 
television has brought to the fore the thorny problems 
of copyright and fees, and the Committee does not find 
any ready solution. The sporting associations fear 
that the televising of a sporting event may seriously pre- 
judice attendances not only at the event itself but at other 
events which might be running concurrently and that if 
the televising be allowed, the associations should be given 
some measure of control. They, argue, for example, that 
if an event is taking place in London it should not be 
televised in the London area and certainly not nearer 
than, say, Birmingham. All this, of course, presupposes 
that both sides have agreed on the scale of fees to be 
paid by the BBC. 

Matters are made more difficult where a public per- 
formance of a televised programme is given, say in a 
cinema. The Committee recommends that promoters of 
sporting or other events should not be allowed to prevent 
the copying or recording of their events and that the 
BBC—or any other broadcasting authority—should have 
the right to control public performances of its television 
programmes. This would, it is stated, also allow the pay- 
ment of extra fees and at the same time the promoters’ 
interests would be safeguarded. 

If this were the only source of contention there would 
be hope that an amicable solution would be reached, but 
the BBC is in a difficult position for not only is the BBC 
a user of copyright material, but it assembles programmes 
of its own at considerable cost and skill, paying for copy- 
right material where required. At the present moment 
there is nothing to prevent subsequent copying of these 
programmes and indifferent reproductions have already 
been made and sold with embarrassment to the BBC from 
both financial and prestige points of view. 

As we see it, the existing copyright law does not prevent 
the musical enthusiast from building up a library of great 
music performed by some of the world’s best artists 
merely by recording on tape selected items of the BBC 
programmes. Not onlv need no copyright fee be paid, 
but such a library could be obtained at a fraction of the 
cost of an equivalent in gramophone records. 
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The Transbooster 


An Improved Method of Rectifier Voltage Control 
By A. H. B. Walker*, B.Sc., A.C.G.L, D.LC., A.M.LE.E. 


This article describes a new system of controlling the output voltage of 
a rectifier by saturated chokes (transductors), which overcomes many 
of the disadvantages, (e.g. large size of chokes, slow response speed, 
poor efficiency) usually associated with transductor control methods. 


HE p.c. saturated choke or “transductor” has been 

known for many years as a means of controlling A.c. 
fed equipment. It provides the advantages of completely 
static operation, unlimited life and simple construction, 
while since these advantages are also offered by the metal 
rectifier it is not surprising that the transductor has been 
widely used in the past for rectifier control. However, 
the development of modern high efficiency metal rectifiers 
has extended their field of use into higher power ranges, 
and this has emphasized certain defects of transductor con- 
trol which, although long known, have not been so serious 
in smaller equipment. 














Oo 
Variable 
Voi tage 
ac. Supply °C ————— 
Variable 
Voltage 
e p.c. Supply 
Reni 
Fig. 1. Circuit for measuring short-circuit characteristics of a parallel 


transductor 


Basic Principle of Transductor 


Although the method of operation of transductors will 
be familiar to many engineers, a brief description of the 
basic principle will be given, since this will assist in a 
clearer explanation of the new “ Transbooster” circuit to 
be described. 

Transductor control is sometimes explained as a method 
of varying the inductance of chokes by p.c. saturation, but 
this is not strictly true and the operation may be explained 
by considering the magnetizing current of the two chokes 
L, and L, shown in Fig. 1. This arrangement is known 
as a parallel transductor. 

Here the two chokes are connected in parallel across a 
variable voltage a.c. supply, and they are provided with 
secondary windings which are connected in series to a vari- 
able p.c. supply. Since the two main choke windings are 
connected in parallel the a.c. voltages across them must be 
equal, and if the windings are identical the a.c. voltages 
induced in the secondary windings must also be equal. The 





* Westinghouse Brake and Signal Co., Ltd. 


ELECTRONIC ENGINEERING 546 





two secondary windings 
can therefore be connec- 
ted in opposition, as 
shown, so that no A.C. 
voltage appears across the : 
leads to the pD.c. supply. || 
If the combined mag- 
netizing characteristic of 
the two chokes is now 
measured with various 
fixed values of direct current in the secondary windings, 
the family of curves shown in Fig. 2 is obtained. 
Clearly the first curve, without D.c. saturation, is the 
normal magnetization curve of the chokes, and depends on 
the characteristics of the iron. The effect of various fixed 
values of D.c. is to shift the curve to the right, but note that 
it still retains a considerable portion which is nearly 
vertical, over which range the a.c. current remains almost 
unaffected by the applied a.c. voltage, and is almost 
proportional to the direct current. The effect of the D.c. is 
therefore seen to be much more than a simple variation of 
the inductance of the choke, and the proportional current 
effect is used, for example, to produce D.c. current trans- 
formers for measuring very heavy direct currents. 








A 3 kW ‘ Transbooster’’ Constant 


Potential Rectifier 


Simple Circuit for Controlling a Load 


The most usual method of using the transductor 
characteristics to control the power in a load is to connect 
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Fig. 2. Transductor magnetizing current or ‘ short-circuit characteristic r 


as measured in Fig. 1 
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the transductor in series with the load across the supply. 
The direct current fed to the transductor, hereafter termed 
the control current, can then be varied by a relatively low- 
power hand control or an automatic device, to regulate the 
voltage applied to the load as desired. Thus in Fig. 3 the 
transductor, which is now shown diagrammatically as a 
single choke winding with a saturating winding at right- 
angles to it, is used to control the power in the load over a 
considerable range by means of a relatively small variable 
resistor. 


Conventional Transductor Control of a Rectifier 


The main objective of transductor control of rectifiers 
is usually to achieve a constant voltage output from the 
rectifier despite mains voltage and frequency variations 
and large changes in the p.c. load. Although various detail 
modifications to the circuit are possible, the basic control 
method is to use the transductor as a variable series imped- 
ance between the a.c. terminals of the rectifier and the 
supply. The simplest possible form of this arrangement 
is a single-phase rectifier having a transductor connected 
in one a.c. line, and for the purpose of comparison, this 
circuit is shown in Fig. 4 with all non-essentials removed. 

This can be analysed as follows, to show that the 
transductor size is determined absolutely by the range of 





Transductor, 





Auxiliary 
Ac. 


AC. 
Supply - Supply 


I 


Fig. 3. Series control of an A.C. load by a transductor 








control required, i.e. by the sum total of all the variables 
which have to be compensated in order to preserve. a con- 
stant D.c. voltage. 


Ignoring harmonics, the conditions on the a.c. side of - 


the rectifier are illustrated by the. vector diagram in Fig. 
5. Taking first one limiting condition, that is, with light 
load on the rectifier (/’) and the supply voltage at its top 
limit of variation (V;") the transductor voltage must be 
regulated to Vr. 

If the supply voltage now falls to the lower limit (V;’), 
the transductor voltage must be regulated to Vr, to pre- 
serve the rectifier input voltage (Vz,) unchanged. If the 
load is now increased to the maximum value (/”) while the 
supply is still low, the other limiting condition is reached 
since the rectifier input. voltage must now be increased to 
Vx. to maintain the p.c. voltage constant. The transductor 
voltage must therefore be reduced to V7, in spite of the 
heavy increase of current through it, by increasing the 
control current considerably. In order to achieve the neces- 
sary regulating effect with the greatest economy, it is 
necessary to proportion the quantities roughly as illustrated 
in the vector diagram of Fig. 5, the transductor voltage 
being of the same order as the rectifier input voltage, both 
being approximately equal to the supply voltage/ V2 
at full load. In this conventional circuit, therefore, the 
transductor must be wound to withstand a maximum A.c. 
voltage of about V;/ V2, and it must also have windings 
sufficiently heavy to carry the maximum output current. 
Thus, although maximum current and maximum voltage 
never occur simultaneously in the transductor, its size is 
determined by their product as in a normal transformer. 
Moreover, there is no possibility of working the core at a 
high flux density as the natural magnetizing current (with 
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D.c. control current nil) must be kept low. The transductor 
in this conventional control system is therefore inevitably 
large, heavy and expensive, and is usually about 20 per 
cent larger than the main transformer. 

It can be shown that the VA rating of the transductor is 
given by the following expression : — 

Transductor VA rating = 


i*v VV." —[V27,." —V.’— Rd’ -l)p 


i 








‘ Constant [Loan | 
—- .S. 
Voltage LOAD 

















Fig. 4. Basic circuit for conventional transducitor control of a rectifier 


where V;” = maximum supply voltage 
V;’ = minimum supply voltage 
R = Equivalent circuit resistance (including recti- 
fier and other resistances) 
maximum load current 
minimum load current 


’ 
r 


il 


Use of a Transductor Regulated Booster or ““Transbooster” 


If we examine the output regulation curve of a straight 
transformer and rectifier combination for high and low 
limits of mains voltage (Fig. 6), a possible way of greatly 
reducing the size of the regulating transductor suggests 
itself. 

If, for example, a straight transformer and rectifier are 
so designed that the desired output voltage is only reached 
at point A, that is, at-very light load with the mains voltage 


| 














VR, VR; 


Fig. 5. Vector relationships in Fig. 4 for simple constant voltage rectifier 


high, then it is apparent that the output voltage can never 
exceed the desired value, but that it will, in fact, be slightly 
low for all other conditions of load and mains voltages. 
All that is required therefore is a low voltage boost which 
can be added to the “natural” rectifier output voltage. 
If this boost voltage can be varied from nil at point A, 
through a range of intermediate values (XX) to a maxi- 
mum value (YY), the total output voltage of the rectifier 
can be held constant at the desired value and the. regula- 
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Fig. 6. Regulation curves of straight transformer and rectifier for two supply 
voliages, showing boost required to provide constant output voltage 


tion curve will become the straight line AB. In this case 
the booster only has to supply the power inside the shaded 
area, and although it must still be rated for the full load 
current it now has only to provide the boost voltage, 
which is but a fraction of the full output voltage. 


It is apparent that if any attempt is made to use a trans- 
ductor to control a series voltage boost on the a.c. side 
of the rectifier, no advantage will be gained, since the 
circuit will always reduce effectively to Fig. 4, and it will 
be found that the transductor will still have to withstand 
V./V2. To realize the saving indicated as possible in 
Fig. 6, the boosting transductor must be transferred to the 
D.c. side of the main rectifier when it becomes, in effect, 
isolated from the supply voltage and can be designed 
simply to deal with the total boost voltage required to cover 
rectifier regulation and mains variation. Such a trans- 
ductor controlled p.c. booster, or “ Transbooster ”, there- 
fore becomes as, in its simplest form, shown in Fig. 7. 


Allowing for the quadrature vector relationship at full 
load between the transductor voltage and the voltage at the 
input to the boost rectifier, the boost transductor need only 
be wound to withstand about V2 times the boost voltage, 
instead of mains voltage/ V2 as in the conventional circuit. 


Another way of looking at the saving is that the con- 
ventional transductor has to be. designed in any case, in a 
way which would make it possible to operate it down to 
short-circuit although this condition is not actually re- 
quired; whereas in the Transbooster circuit we can in fact 
take full advantage of this facility by operating the trans- 
ductor right down to short-circuit (zero-boost) conditions. 
This means that in the Transbooster circuit a greater vector 
swing occurs than in the conventional circuit. This is 
shown in Fig. 8 which is drawn for two a.c. voltages 
on the input side of the booster rectifiers for comparisons 
with Fig. 6. 


Fig. 7. Simple form of Transbooster circuit 
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Fig. 8 shows that a swing of over 45° occurs, giving a 
very large variation of the boost voltage (Vs) from sub- 
stantially nil to the maximum required, while the trans- 
ductor voltage (Vr) varies from almost the full applied 
auxiliary voltage (Vamax) down to a value slightly lower 
than the maximum input voltage to the boost rectifier. 

An expression for the VA rating of the transductor 
when used in the Transbooster circuit can be derived in a 
similar manner as was done for the conventional circuit: 

Transductor VA rating = 

I” x V2[V." — Ve + RI’ —TM'))........ (2) 
where the symbols are the same as for Equation (1). 


Example of Saving of Transductor kVA Rating in Trans- 
booster Circuit 


An approximate comparison of the transductor ratings 
in the two circuits for a typical case may be made by 
assuming, for example, that a 3kW rectifier having a 
smoothed output of 50V at 60A is required. The mains 
variations to be compensated are (say) —10 per cent and 
+6 per cent and the natural regulation of the rectifier, 
transformer and smoothing filter is assumed to be 15 
per cent. 

From (1) the transductor rating in the conventional 


Y(max) Ky( max) i 











Va (min) 


Fig. 8. Vector conditions in single phase Transbooster circuit of Fig. 7. 
Full lines: high mains, minimum load, negligible boost. Dotted lines: 
low mains, maximum load, maximum boost 


circuit is given by: 
Transductor VA = 60 x V95? — [V2x 81 —95—7-S5}’ 
= 56kVA 
From (2) the transductor rating in the Transbooster cir- 
cuit is given by: 
Transductor VA = 60 x V2[95 — 81 + 7:5] 
= 18kVA 





In this typical example, therefore, the Transbooster cir- 
cuit enables the transductor to be reduced to a third of 
the size which would otherwise be required. The exact 
saving obtained naturally varies with the application and 
the conditions to be dealt with (e.g. extent of mains voltage 
variation) but it is always very substantial. 


Other Advantages of the Transbooster 


In addition to this great saving in size, weight, and cost, 
the Transbooster offers further advantages. Since the 
transductor is smaller, the power required in the D.C. 
control winding is also smaller, so that the controller, 
which has to provide this power is also smaller and cheaper. 
For the same reason the overall power factor of the equip- 
ment is high, and since the booster becomes less active as 
the load is reduced, its losses tend towards nil and the 
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efficiency is particularly well main- 
tained down to low loads (see Fig. 11). 

By comparing Fig. 4 and Fig. 7 it 
will be seen that in the Transbooster 
circuit there is no reactive impedance 
between the mains and the load. This 
means that the Transbooster can soy, 
deliver heavy surge currents to variable 
loads without the output voltage ever 2-Phose 
dropping below the regulation curve of 
the basic rectifier, (see Fig. 6). Since 
it is impossible to change the p.c. 
saturation current in the transductor in- 
stantaneously in either circuit, this is a 
great advantage over Fig. 4, in which the output voltage 
might instantaneously drop nearly to Zero as a result of a 
sudden load increase. In the Transbooster circuit the surge 
current is solidly fed from the mains and the booster recti- 
fier ‘‘ free-wheels ”, rapidly trimming up the voltage to the 
required value immediately after the surge. This lack 
of series impedance also enables the Transbooster to 
supply heavy transient overloads, up to say five times full 
load, the voltage merely falling gently down the main 
rectifier regulation curve and recovering immediately to 
the controlled value when the overload is removed. This 
feature is required, for example, when a constant voltage 


























VOLTAGE ! VOLTAGE ALLOWED TO FALL 
REGULATED | SLIGHTLY IN THIS RANGE 
+ TOL 1%, Pre DURING ENGINE STARTING 
wit 1 { TRANSIENT OVERLOAD 
Ql RANGE we 
3 \. TRANSBOOSTER OVERLOAD Cue 
{ \ 
bE { \ CONVENTIONAL 
Fa \_TRANSDUCTOR 
3 ' CANNOT SUPPLY 
3 i — HEAVY TRANSIENT 
% } | OVERLOAD 
eo 
| | 
i 1 
° NORMAL TRANSIENT 
on a OVERLOAD 
Fig. 9. Output characteristic of T booster designed for heavy transient 


overloads (e.g., Engine starting). Normal transductor control would have 
otted characteristic and could not supply the overload 


rectifier is required to supply a heavy engine starting 
current, during which time the voltage can be allowed to 
fall (see Fig. 9). It would be impossible to provide such 
an overload characteristic by conventional transductor 
control. 

For floating battery installations it is desirable to pro- 
vide some form of current limiting to protect the rectifier 
from sustained overload after a supply failure, when the 
rectifier has to charge the battery and supply the load 
simultaneously. This can be achieved with the Trans- 
booster by suitable controller design so that protection 
against overload down to the minimum battery voltage of 
1:8 volts per cell is achieved. The output characteristic of 
a Transbooster provided with this feature is then as 
shown in Fig. 11. 


Typical Design of Transbooster Equipment 


A circuit diagram for a three-phase Transbooster regu- 
lated rectifier is shown in Fig. 10. A three-phase Trans- 
booster is used but it is also possible to use a single-phase 
Transbooster in association with a three-phase main recti- 
fier if desired, as this may prove economic in small 
equipments. The Transbooster is fed from an auxiliary 
low voltage delta winding on the main transformer, and 
the phase shift thus provided, together with the phase shift 
in the transductors assists in reducing the output ripple. 
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The performance of a typical 3kW Transbooster recti- 
fier, rated at 50 volts 60 amperes for telephone power 
supply is given in the curves in Fig. 11. These curves show 
the high overall efficiency (82 per cent) and also illustrate 
the fact that the efficiency is exceptionally well maintained 
down to light loads, i.e. 70 per cent at 1/6th of full load 
and 65 per cent at 1/ 8th of full load. 

The output voltage is held within limits of + 1 per cent 
from 1/20th up to full load and is independent of mains 
voltage variations from —10 per cent to +6 per cent and 
frequency variations from 48 to 52c/s. 

The rapid rate of correction of the output voltage which 





is achieved after a sudden large load increase (50 per cent 
of full load) is shown by the oscillogram in Fig. 12. 

This shows that in spite of the delay inevitably caused 
by the long time-constant of the smoothing filter, initial 
correction of the D.c. voltage is made in 0-05 seconds, and 
that correction is complete within approximately 0-4 
seconds. 

In conclusion, it is clear that many of the fundamental 
disadvantages of conventional transductor control have 
been overcome by the Transbooster circuit which appears 
likely to widen the scope of entirely static constant voltage 
rectifier equipment. 


Transmitter Combining Circuits 


By A. R. A. Rendall,* Ph.D., B.Sc., M.LE.E.; G. A. Hunt,* B.Sc. 


NDER the present conditions of overcrowding of 

European broadcasting stations in the medium wave- 
band the only practical, though limited, means of improv- 
ing broadcast coverage on medium waves in the United 
Kingdom is by supplementing the existing high-power 
transmitters with a number of low-power stations operat- 
ing on a shared wavelength basis. The BBC has recently 
brought eight such stations into operation and others are 
planned or under construction. In the interests of the 
economic use of technical manpower, these small stations 
are designed to operate either automatically or by remote 
control without the need to have local staff in attendance. 
Under these conditions, in order to improve reliability, the 
full output power of the station is provided by two or three 














Fig. 1. A Wheatst Bridge arrang t of Transmitter loads 


transmitter units arranged to feed into a common aerial, 
so that if one transmitter should fail the service is main- 
tained, although at a reduced power. If these transmitters 
are paralleled directly on to the common aerial circuit, the 
arrangement will suffer from the following disadvantages. 


In the first place, certain types of faults from one trans- 
mitter (such as a short-circuit) will affect the common 
circuit. 


Secondly, a phase difference between the. transmitters 
would lead to the current of one transmitter circulating in 
the output of the other and would be likely to cause non- 
linear distortion. 

Thirdly, there is no direct way of monitoring the output 
of one transmitter independently of the other, so that a 
faulty transmitter can be detected and switched off. 

Fourthly, if one transmitter is switched off, the effective 
load impedance on the other transmitter is reduced with 





* Designs Dept., BBC Engineering Division. 
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possible deterioration in power efficiency and change of 
modulation depth. It may also cause excessive anode 
currents which would trip the remaining transmitters. 

The circuit of an a.c. Wheatstone bridge has properties 
which could be applied to overcome some of these 
difficulties. 


Fig. 1 shows such a bridge and, if the resistances R,, R:, 
R,, R, are all equal, then it is clear that an E.M.F. from 
transmitter, 7,, will feed into the resistance arms of the 
bridge but not into T,. Likewise, 7. will not feed into 


4R 2R 2a 
Pree 


























Fig. 2. (a) Hybrid Coil Coupling for 2 transmitters; (b) Bartlett bisection ef 
Fig. 2(a); (c) Equivalent bridge circuit 


T,. Furthermore, if 7, and 7, are in phase, then, at any 
instance of time, the directions of flow of currents in the 
resistance arms are as shown. These currents oppose in R, 
and R, and add in R, and R;. If R, and R, can be made 
the aerial, and R, and R, the balancing resistances, then it 
is clear that no power will be dissipated in the balancing 
resistances and the total power will be supplied to the 
aerial. If the £.M.F.s of transmitters T, and T. are not in 
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*r cent 4R 2R 2R could be represented as Figs. 3(b) and 3(c). One method 

























































; ee by crag Fig. 3(c) ~~ = brought — balance at the 
é | S " resonant frequency, is by the addition of a capacitor Ca 
caused eee aera yrene as shown in Fig. 3(d). There is a wide variety of bridged-T 
initial | . networks which can be made to satisfy the required con- 
"4 = Li +K LU +k) ditions and the most convenient of these may be selected 
y 04 -2KL) & -24L for each particular case. From Fig. 2(a) it will be seen 
that, if the aerial impedance is R, then the impedance 
go facing either transmitter is 2R. If, now, one transmitter 
_ have 2R 2R 7, were switched off, the impedance facing the other trans- 
+ mitter would still be 2R, but half its power would be dis- 
joltage (b) sipated in the balancing resistance and half in the aerial. 
Thus, compared with the case where both transmitters 
are giving power, a 6db loss in radiated power would result 
if one transmitter closed down. Fig. 4 shows how the net- 
work can be re-switched, so that the impedance relations 
| are maintained correct and no power dissipated in any 
balancing resistance’. In this particular case, a tapped coil 
-jR R 
R= 
e) Transmitter A Transmitter 8 
c 
ige of =jR R 
anode Fig. 3. (a) Equivalent circuit Fig. 2(a) but with coupling coefficient of K. a be 
S. (b) Bartlett bisection of Fig. 3(a). (c) Equivalent Bridge Circuit of 3a). fe’ 4 m | 
. (d) Equivalent Bridge Circuit with reactance correction 
perties 
these 
phase, this cancellation does not occur and there is power 
2 oR dissipation in the balancing resistances, R, and R,, but 
"toon still no power from T, would be. developed in T, or vice 
of the versa. Thus, although the output circuit efficiency would 4 
4 into be impaired, there would be no possibility of interaction. 
The bridge circuit, as shown, is not particularly con- (b) 
| venient to use, but there are very many other electrical 
| networks which perform in a similar way. The hybrid coil, r. 
which is well known to communication engineers, is a * ) 
convenient example and is shown in Fig. 2(a). This consists 
of two close-coupled windings and transmitters feeding as 
shown. By Bartlett’s bisection theorem, the hybrid coil of 
Fig. 2(a) can be replaced by networks shown successively 
in Figs. 2(b) and 2(c). The coupling between the two halves 
of the coil is assumed to be unity. A bridge circuit results < 
t which is perfectly in balance at the resonant frequency $ 
of L and C. If the coupling between the two halves of the 4 
) coil is not unity then the equivalent network of Fig. 2(a) 
is as shown in Fig. 3(a) which, by the bisection theorem, (c) 
Fig. 4. (a) Circuit for restoration of transfer efficiency when one trans- 7, 
mitter faiis. (b) Equivalent with one transmitter off A 
Fig. 5. (a) Bridged-T circuit for li tr: itters to one aerial. (b) 











Equivalent Bridge Circuit of Fig. Sta). (c) ae Bridge Circuit of 5(b) 
at carrier frequency 





is used, but there are other circuits avoiding the use of 

















ction of tappings whereby the switching can be carried out and 
the proper power and impedance relations maintained. 

aad Such a circuit developed by Marconi’s Wireless Telegraph 

at any Co. Ltd. is shown in Fig. 5(a)*. There is no mutual coupling 
in the ° > ea | between the coils and the equivalent bridge circuit is shown 
in R, Sessa in Fig. 5(c). It should be readily seen from this that, under 
made Input c= c normal balance conditions, the match is perfect, and the 
hen it Impedance . 2er 20r impedance looking into the bridge terminals is equal to the 
ancing 22h a R aerial load resistance. The impedance relationships shown 
io the o= ; a in Fig. 5(a) illustrate that when one transmitter is dis- 
not in (b) connected, a direct connexion can be made between the 
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Fig. 6. System for coupling 3 tr s to an aerial using one asym- 
metrical hybrid coil and one symmetrical hybrid coi 





transmitter and the aerial circuit, giving periect matching 
and optimum power conditions. 


In many cases three transmitters are used to give 
increased reliability. In these cases it is possible to combine 
two of the transmitters to form one of double power by 
using one. of the previous circuits, and these two trans- 
mitters may then be combined with the third by using an 
asymmetrical hybrid or bridged-T circuit. Some loss of 
efficiency is inevitable with the simple switching circuits 
shown in Figs. 6 and 7, but since this does not exceed 
about 3 per cent it is unimportant, and at all times the 
loading of each transmitter is maintained at its correct 
value. With the circuit shown in Fig. 6, the inefficiency 
occurs when either transmitter A or B has been closed 
down. In Fig. 7 the inefficiency occurs when all three 
transmitters are working. 


In all the circuits considered here the voltage at any 
transmitter terminal is due to that transmitter alone, and 


Fig. 7. System for coupling 3 transmitters to an aerial using two sym- 
metrical hybrid coils 
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as a result a simple crystal detector connected at that point 
will provide an audio output derived from that particular 
transmitter alone. Hence the output of each transmitter 
can be compared with its input by means of an automatic 
monitor and a faulty transmitter thereby identified and 
closed down if the distortion becomes too great’. 


Both the hybrid circuit and the bridged-T circuit are 
employed by the BBC. At Ramsgate, where each unit 
transmitter has a power of less than 1 kilowatt, the iron 
dust cored coil shown in Fig. 8 is used together with 
standard 3 000 type relays in the circuit of Fig. 4(a). The 
closing down of either transmitter causes the re-switching 
of the coupling circuit so as to maintain correct load of 
the transmitter still operating, without interruption of the 
service. 


At Daventry, where the third programme high-power 
transmitter is also remotely controlled and operated on 
an unattended basis, a power of 150kW is provided by 
two transmitter units working in parallel* and, due to the 
high voltages and currents involved, it is not practicable 
to make a hybrid coil with the requisite coupling factor, 
so the circuit of Fig. 5 is used. If one unit transmitter fails, 





Fig. 8. Iron Dust Cored Hybrid Coil for coupling M.W. Transmitters. 
Used for powers up to 1kW 


it is necessary to remove power from both unit transmitters 
during the re-switching operation and a short break in 
transmission occurs before the output circuit efficiency is 
restored. 


Both these systems have been in use for a considerable 
time and have given satisfactory service. As a result of 
this experience further stations using one. of these systems 
are likely to be built in the near future. The type of 
bridge to be employed will be determined by particular 
conditions at these stations. 
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Vibration Measurements 


By Rose Winslade* 


The study of mechanical vibration phenomena has become an important factor in the efforts 
made to improve and to control the quality of technical products. This article is intended as an 


introduction to some of the instruments at present being used for this study. 


Of necessity some 


aspects of the subject, such as phase distortion, losses in the integrating and differentiating circuits, 
etc., have been treated superficially, but it is hoped that these might be dealt with more fully at 
a later date. 


VIBRATION detector can be sensitive to the displace- 

ment, the velocity or the acceleration of a vibration. 
Since it is usually necessary to know the form of all three 
of these components of vibration, it is necessary to inte- 
grate or differentiate the signal from the detector. An 
electronic network will perform the mathematical opera- 
tions of integration and differentiation making it simple, 
for instance, to take the output from an accelerometer and 
by integration to convert it to a signal representing the 
velocity of the vibration. Conversely, differentiating the 
output from a position sensitive instrument, i.e., a displace- 
ment pick-up, gives the same signal as that which would be 
obtained from a velocity sensitive instrument. 





A=A,tx 














Fig. 1. (Left). Electro-dynamic system - 


The voltage induced in the windings of the coil c is at any instant directly 
proportional to the velocity dx/dt of the relative displacement x. 


Fig. 2. (Right). Electro-magnetic system 


The magnet M has a coil c wound directly upon it. When a ferro- 

magnetic body F placed opposite one of the poles of the magnet is moved 

with respect to the magnet, a change is effected in the magnitude of the 

magnetic flux linking the coil. This causes a voltage proportional to 
dg/dt to be generated in the coil. 


Displacement can be measured by means of a detector 
employing strain gauges, making use of the differential 
transformer, or by means of a capacitance type instrument. 
Of these three types the capacitance pick-up is usually pre- 
ferred because of its linear frequency response and its ease 
of construction. 

Two types of acceleration conscious detectors employ 
(a) the strain gauge principle and (b) the differential trans- 
former. The basic element of each consists of a mass 
mounted on a spring suspension that permits motion in one 
plane only. In the strain gauge type a seismic system is 
formed by a cylindrical mass suspended between two leaf 
springs. The flexure of the leaf springs is measured with 
the aid of four strain gauges fixed to the springs. The 
springs are arranged to permit axial movement only. The 
force required to accelerate the suspended mass changes 
the length of the strain gauges and hence their resistance, 
this in turn causes an unbalance of a strain gauge bridge; 
temperature change is usually automatically compensated 
for. The second type of instrument also contains a spring 
suspended mass, in this case the movable core of a differen- 
tial transformer. Here, too, acceleration in the axial plane 
of the core of the transformer (or the component of 
acceleration in that plane) causes a relative movement 
between the core and the rigid frame and thus effects the 
electrical output. 

Unfortunately, any spring mounted mass is a mechani- 


* Philips Electrical Ltd. 
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cally resonant system and vibrations with a frequency 
approaching the natural resonant frequency of the detector 
cause deflexions out of proportion to the applied motion. 
This can be corrected by filling the case of the detector with 
a viscous liquid to damp the motion. 

With the velocity conscious pick-up there are two main 
methods of electro-mechanical conversion, the first is to 
allow the movement of a coil perpendicular to a field of 
constant strength as in Fig. 1. In this case the voltage 
induced in the coil c is at all times directly proportional 
to the velocity (dx/dt) of the relative displacement of the 
vibration, as variation in the rate of displacement causes 
a change in the rate of cutting lines of flux and therefore 
a change in the induced volts. In the second method, 
Fig. 2, a coil is wound upon a magnet M. When a ferro- 
magnetic body F is moved relative to one of the poles, a 
change in flux linkage is effected. This again causes a 
voltage to be induced in the coil and this voltage is pro- 
portional to d@/dt, and may be expressed thus: 


do/dt.do/dA .dA/dt = COldAAot® _ag]dA .dx/dt 

where A, = the (constant) average distance. 

In both types of instrument the voltage developed is 
proportional to the velocity of the mechanical movement 
being followed, and is dependent on the average distance. 
(dp/dA may be regarded as a sensitivity factor). 

There are several advantages to be gained from the 
use of these methods of conversion, viz: 

. Simple . . . no external current source necessary. 

. Construction can be as sturdy as desired. 

. The effects of moisture and temperature do not 
qualify the electrical effect; furthermore, with modern 
magnetic steel there is no ageing effect. 

4. Because of the low impedance of these systems long 
cables may be used without shunting the output volt- 
age from the pick-up. 

5. It is necessary to integrate or differentiate only once 
to convert the voltage proportional to velocity to one 
proportional to the displacement or to the accelera- 
tion of the mechanical vibration. 


wn 


Electrical Integration and Differentiation 


Fig. 3 shows a simple network which will adequately 
perform the mathematical operation of integration and 
differentiation. These circuits involve the approximation 
that the majority of the applied voltage appears across 
one of the two circuit elements. In the differentiating 
circuit, for example, the voltage drop across R must be 
so small that the applied voltage closely equals that across 
C. This means that there is a loss in the circuit, but this 
can be compensated for by amplification, it also means 
that the useful range of the circuit is limited, because a fre- 
quency can be found at which the capacitative reactance 
approaches the value of the resistor. Thus the differentiat- 
ing circuit will cover from zero frequency up to a limit 
value determined by the circuit design. The integrating 
circuit on the other hand, can cover all frequencies above 
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that for which R is several times greater than X. A 
similar network is incorporated in an electronic calibrator, 
the particular function of which is to convert the 
“velocity voltage” produced by the pick-up to a voltage 
proportional to displacement, velocity or acceleration and 
to measure the voltage so obtained by comparing it with 
one of known value. The voltage produced by the pick- 
up can be changed from one proportional to velocity 


i i 








Cc R 
Input e; input e; 
R a. @o | sa Output @ 
X.2PR R>X 


Fig. 3.a). Differentiating network ; (b) integrating network 


(dx/dt) to a voltage proportional to acceleration (d*x/dt’) 
by means of a differentiator. The calibrator described 
also contains two integrating elements “ x(freq. > 10c/s)” 
and -“ x(freq. > lc/s)” the second circuit satisfactorily in- 
tegrating from a frequency ten times lower than that 
which can be handled by the first element. The differen- 
tiating circuit is such as to give a very low phase and 
amplitude error for all frequencies below 1 000c/s per 
second. The unit provides for a comparison output be- 
tween ImV and 25V peak value and this is obtainable 
from an accurately calibrated potentiometer. The voltage 
from the potentiometer is compared with the output volt- 
age from the pick-up and the peak amplitudes of the 
specific vibration component, i.e. x, dx/dt, d*x/dt*? can be 
determined. 

Frequency of the vibration can be measured by feeding 
a suitable known but variable frequency into the calibrator 
unit and comparing the waveform of the known frequency 
with the oscillogram produced by the vibration; though this 
-s practicable only when the vibration has a simple wave- 

orm. 

Fig. 4 illustrates the seismic element of a simple type of 
vibrograph. The base A is attached to the structure whose 
vibration it is required to measure, and means are included 
for recording the amplitude of the relative displacement 
between A and the mass m. 

The electronic form of this instrument Fig. 5 is a seismic 
system, comprising two coils suspended on spring mem- 
branes. The coils move with respect to a permanent 
magnet fastened to the housing of the 
pick-up. Spring sag due to gravity is 
kept within reasonable limits. The 
relation d= 25/f,.’ exists between ¢ k 
the sag d of the spring due to gravity T 
and the resonant frequency f, of the 
spring mass system. So that at, say, © JA 
f. = 12c/s, sag due to gravity = Fig. 4. Seismic 
25/144 = 0:174cm. This in practice clement of simple 
means that such a pick-up can be used eee 
in any desired position. 

The movable mass which moves in the housing of the 
pick-up is unrestricted by friction, hence the lowest limit 
of the intensity of measurable vibrations is determined by 
the sensitivity of the indicating instrument. Because the 
internal relative movement of a low tuned pick-up is 
practically equal to the absolute movement applied to the 
housing, such a pick-up is suitable for the measurement 
of very weak vibrations. Instruments of this type being 
velocity conscious, the conversion sensitivity is expressed 
in terms of voltage/velocity or volts/centimetre/second. 

When using a seismic system for the measurement of 
absolute vibrations it is considered that half critical damp- 
ing is to be preferred. The advantage being that the value 
of the relative movement immediately above f, is approxi- 
mately equal to that of the absolute movement to be 
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measured, and, that in the case of impulse phenomena, the 
vibration at the f. of the mechanical oscillatory system 
rapidly dies off. The disadvantage of the system lies in 
the fact that (a) there is a deterioration in the phase 
relationship between the relative movement of the pick-up 
elements and the absolute movement of the object as a 
function of frequency (where this phase relationship is 
important it is usual to apply a correction factor); and 
(b) when firmly affixed to the object for measurement the 
precise measuring range of the instrument extends over 
some hundreds of cycles per second, but as the frequency 
increases beyond about 1 000c/s, the inertia of the seismic 
systems begins to qualify the output from the pick-up 
and measuring accuracy decreases. 

In order that the maximum degree of accurate. repre- 
sentation of mechanical vibration can be maintained, it is 
essential that the source of vibration is not materially 
affected by the loading of the pick-up. The pick-up here 
described has a mass of about 600 grams and in the 
majority of cases of mechanical engineering would not 
prove an objectionable load; the pick-ups being indivi- 
dually calibrated from about 50c/s upwards, specific 


differences in f. and damping—due to various tolerances 
—have no influence on the measuring accuracy obtain- 
able. 
tude relations between absolute and _ relative 


In the range below f, where the phase and ampli- 
internal 





Fig. 5. Modern seismic type pick-up 


movement depend to a great extent upon the frequency, 
it is preferable that the instrument be used for purely 
sinusoidal investigations. For vibrations measured in the 
longitudinal axis of the pick-up, the maximum permissible 
amplitude of displacement, velocity and acceleration as a 
function of frequency is represented by the uppermost 
limit lines on the three measuring range diagrams shown 
in Fig. 6. The broken line curves show the safe values 
for short duration measurement (horizontal 4mm, ver- 
tical 1-S5mm), while the full lines represent the maximum 
values permissible on continuous loads. The lower limit 
lines indicate the maximum measurable x, dx/dt, and 
d*x/dt? amplitudes when using the pick-up with an elec- 
tronic integrator and differentiator, and correspond to 
Imm amplitude after the electronic circuits, ie. the elec- 
tronic calibrator. The direction of vibration may easily 
be determined as the sensitivity of the pick-up decreases 
proportionally as cos8 where £ is the angle which the 
longitudinal axis of the pick-up makes with the direction 
of vibration. Consequently, in the direction perpendi- 
= to the axis of the pick-up the sensitivity is virtually 
nil. 

The electro-mechanical pick-up shown in Fig. 7 is in- 
tended primarily for carrying out very accurate measure- 
ments of relative oscillatory movements between objects 
but can also be used for the measurement of absolute 
vibrations, then having some advantages over the seismic 
pick-up. A third application of this same pick-up is the 
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Fig. 6(a). The maximum permissible and minimum measurable amplitudes of displacement as a function of frequency when using the combination of 
seismic pick-up with the electronic calibrator. (b) The maximum permissible and minimum measurable amplitudes of _velocity as a function of frequency 


esing the same combination. (c) The and 





generation of alternating forces for measuring purposes. 

The mechanical poles of the pick-up consist of a steel 
housing from which projects a contact pin. Mounted in 
the housing is a permanent magnet, while the contact pin, 
which is suspended by a spring, has a coil attached which 
can be made to move in the field of the magnet. The 
relative motion of the two mechanical poles in the longi- 
tudinal axis of the instrument generates in the windings 
of the coil a voltage proportional to the velocity of the 
vibratory motion. As the contact pin is connected to the 
coil assembly by means of a ball and socket joint, the 
object under test is permitted to vibrate freely in any 
direction, the electro-dynamic system being sensitive ,only 
to the vibration component that occurs in the axial plane 
of the pick-up. The spring suspension of the coil system 
allows no bearing friction and the damping condition of the 
vibrating object is hardly affected. Although the two 
mechanical poles are not completely independent of each 
other their coupling is negligible. When using this pick-up 
for the indication of relative movement the housing is 
attached to one object while the contact pin, pressed in 
about 2mm, is held against the other vibrating object 
5 with a pressure of about 
asa 850 grams. The total mass 
of the moving system is 
only 10 grams and can 
follow relative movement 
faithfully, provided the 
acceleration of that move- 
ment does not exceed 85 
times the acceleration due 
to gravity, i.e. 850 grams 
force divided by 10 grams 
mass; though the pick-up 
will not suffer damage if 
this figure of 85g is 




















Fig. 7. Cross-section of electro- 
mechanical pick-up (relative) 


M, Permanent magnet. A, 
spindle of the moving system 
suspended in the casing by 
means of three springs B: to this 
spindle is affixed the coil C which 
moves in the air-gap D. E, con- 
necting cable socket. The spindle 
A is connected to the contact pin 
F by means of a ball joint G, 
which allows small transverse 
movements of the probe tip. 
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measurable amplitudes of acceleration as a function of frequency using the same 


exceeded its measuring accuracy will be less. The 
conversion sensitivity is sufficiently high to allow 
for the measurement of very weak vibrations and at 
higher frequencies much stronger vibrations can be 
measured than with the seismic form of pick-up. The 
contact frequency f. determined by the combined resi- 
lience of the contact pin, test object and mass of the 
moving system is high for metallic objects—abcut 
3 000c/s to 4000c/s—and this is mainly due to the small 
mass of the moving system. The housing of the pick-up 
is rigidly attached to the stationary object in such a way 
that the f. of the spring mass and of the ‘ ousing is of 
the same order. Vibrations with frequencies up to 
1000c/s can be measured with accuracy. Due to the 
pick-up characteristics within this measuring. range there 
is no phase shift and the pick-up can thus easily be used 
for the study of phase relations in vibrations. 

Since for the measurement of absolute vibrations the 
housing of the pick-up must be considered as a mass 
stationary in space, e.g. held in the hand with the contact 
pin against the object being measured and pressed to a 
depth just greater than half the length of its full free 
stroke, involuntary arm movements will, at low fre- 
quencies, naturally affect measurement of small displace- 
ments but will have no effect when considering velocity 
nor when considering acceleration. The velocity sensi- 
tivity is adjusted accurately and, over the full free stroke 
of the moving system (+ 2mm from the centre position), 
deviates only 1-2 per cent from the mean value. 

The maximum acceleration that can be followed is, 
to within +1 gram, equal to the spring tension divided 
by the mass of the moving system, i.e. 85g + 10 per cent. 

The maximum stroke in the longitudinal direction to- 
gether with the maximum acceleration that can be 
followed by the pick-up determines the upper limit of the 
measuring range (Fig. 8). The broken lines represent 
the permissible values for loads of short duration, the 
full lines indicate permissible values of loads for long 
periods. The lower limit lines or base lines indicate res- 
pectively the minimum measurable x, dx/dt and d’x/dt? 
amplitudes corresponding to 1 millivolt out of the cali- 
brator. 

Under conditions where there is an absence of resonance 
the pick-up introduces no phase change. As to the phase- 
angle at the working frequency f, the contact frequency 
being fc, the phase relationship between the absolute move- 
ment y of the coil and the absolute movement x of the 
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object under test is given by: — 


— Ho 


1 — n’(1 — 38°) 
where n = f/f, and 6 the damping coefficient of the con- 
tact resonance system. 

For n < 1/3 the phase-angle appears to be negligible 
so that on a cathode-ray oscilloscope non-sinusoidal 
phenomena are reproduced within the frequency range 
meeting the condition n<1/3. 


Mechanical Impedance of the Pick-ups 

The two mechanical poles of the instrument are masses 
of 1000 and 10 grams respectively. Between these two 
masses lies the electro-dynamic conversion element and in 
addition, a spring with an inertia constant smaller than 150 
grams/centimetre. 

The electrical load on the coil and the internal friction 
in the springs produce a slight mechanical damping be- 
tween the poles. The value of the electro-dynamically 
introduced damping 

= ra = 9-12 x 10° Ry dynes/cm/sec. 
(1 dyne = 1/981 grams of force). 
ra = 930/R. grams per cm/second, where R, is the 








gyx = arc tan 





resistance of the electrical circuit containing the 
coil. 

With the contact pin resting directly against a vibrating 
object the result of a sinusoidal transverse movement of 
the object is a vibratory movement in the longitudinal 
axis of the pick-up in accordance with 


y 6/50 x sinwt—x/200 cos2wt. 
where y = resultant movement in the longitudinal axis 
(instantaneous value in mm) 
6 = deviation in mm of the top of the contact pin 
in position of rest from the centre line of the 
instrument. 


x = displacement amplitude in mm of the trans- 
verse movement. 

w = 2zf (where f is the transverse frequency). From the 
equation it can be seen that the sensitivity of the pick-up 
to transverse vibrations is very slight. It follows that if 
6 = 0, ie. if the rest position of the pin lies in the centre 
line of the pick-up, the resultant transversal vibration is 
of the second harmonic. If the displacement is 0-Smm 
and the deviation 0:-S5mm then the amplitude of the result- 
ant in the fundamental is 1/200mm and in the second 
harmonic 1/800mm. 
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pick-up and the electronic calibrator. (b) The maximum permissible amplitudes of ve> rocity as a function of frequency when using | the combination 


as in (a). 


The base line of this diagram corresponds to 0-00S5cm /sec and gives the minimum measurable velocity. (c) The 





amplitudes of acceleration as a function of frequency when using the same combination as in (a) and (b). The base line of the diagram corre- 
sponding to 100cm/sec/sec gives the minimum measurable acceleration 


total resistance in the coil circuit in ohms. The inevitable 
purely mechanical losses in the individual pick-ups are 
of the order of ra 125 dynes/cm/sec. 

The mechanical impedance of a vibrating system may be 
defined as the force required to give the system a certain 


; f : 
velocity thus Zn — The reciprocal value of 
velocity 
- velocity . we a 
ae — gives a value for mobility. Greater mobility 


force 


therefore corresponds to small mechanical impedance. 
Provided the frequency of the vibration is less than 4+ the 
contact frequency, the mechanical impedance is determined 





Zm =r + j (wm—c/w) dynes/cm/sec. in which: — 

w = 27 times the frequency of the vibration. 

m = mass in grams of the moving system. 

= dynamic spring constant, the value lies between 
1-5 x 10° dynes/cm. 

9-12 x 10°/R + approx. 125, where R is the 


5 
| 


~~ 
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For the prolonged use of the pick-up the maximum 
tolerable amplitude of the transverse vibrations is 0-Smm 
and for short periods Imm. If the amplitude of trans- 
verse vibrations exceeds these values the use of an exten- 
sion pin would reduce the influence of transverse 
vibrations by a factor of about 3. 


Properties of the Pick-up used as a Vibration Exciter 


The mechanical-electrical effect of an electro-dynamic 
system is reversible, when the current is passed through a 
coil a mechanical force in phase with that current and 
proportional thereto is set up between the moving system 
and the magnetic structure. It can be easily deduced that 
the force in dynes per ampere of current through the coil 
is 10 times the velocity sensitivity (ax = 0-302V/cm/sec) 
all quantities expressed in identical values. 


= displacement = x 
x = velocity = dx/dt 
x = acceleration = d?x/dt? 


The coil of the pick-up can safely take a current of 
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20mA R.M.S. without danger of overheating. The peak 
value of the force then amounts to:— 
20 x 10-* x 0-302 x10’ x V2 = 8°54 x 10* dynes 
= 87-1 grams. 

When the casing of the instrument is again mounted 
stationary in space and the contact pin pressed against 
the object under test, for frequencies lower than 500c/s 
the same values for the mass and stiffness loads have to 
be taken into account as when the pick-up is used as a 
detector. The damping resistance added to the object by 
the exciter at the point of contact may, however, be 
somewhat greater, depending upon the internal resistance 
(Rz) of the alternating current generator by which the 
exciter is energised. The value of the damping introduced 
electrodynamically is: — 
ax 40 = 9:12 - 10° 


Row 3950 4 R, dynes per cm/sec. 


ayn = 





Fig. 9. Some of the equipment in use 


The coil resistance being about 2 250 ohms, the maximum 
rayn amounts to 405 dynes/cm/sec at Rg =0. A high 
value of R, as compared with the coil resistance is recom- 
mendable not only in order to minimize this electrodyna- 
mic damping but particularly to keep the excitation current 
constant when passing through an object-resonance while 
varying the frequency. The electromotive force propor- 
tional to the velocity, excited in the current supply circuit 
by the vibration of the object, is also effective as a change 
of impedance in the current circuit. This equivalent 
impedance variation (AZ) has the magnitude 

i a 9712) = 10° 

Zm Zm 

Where Zm represents the mechanical impedance, ex- 
pressed in dynes/cm/sec of the vibration system. When 
a mechanical resonance is reached Zm undergoes a cer- 
tain change and the current in the coil can only be kept 
constant when that circuit has a high impedance with 
respect to AZ. 

Since Zm can never be smaller than the damping 
resistance of the instrument itself (approx. 125 dynes/ 
cm/sec) the theoretically highest value that can be 
reached for AZ is 7300 ohms. Of course, this is assum- 
ing that energy is not supplied to the vibrating system by 
any other means than the exciter. The alternating force 
(maximum 85 grams) is superimposed upon the static 


AZ = ohms 
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pressure exerted by the springs in the instrument. The 
resultant pressure is, therefore, during the halftcycles, 
that the system is drawn inwards, less than the static 
pressure, being determined by the difference between alter- 
nating force and static pressure. 

Consequently, used as an exciter, the instrument can 
follow only about 90 per cent of the acceleration that 
it is sensitive to as a detector. 

The maximum continuous current rating of the coil, 
i.e. 20mMA R.M.S., cannot be applied for all frequencies, 
since no method of limiting increasing electrical imped- 
ance with the increase of frequency has been incorporated. 
In order to minimize the risk of insulation break-down 
in the coil at frequencies higher than 2kc/s, the current 
should be limited to about 13mA R.M.s. for 5kc/s and to 
about 7mA R.M.S. up to 16kc/s. The impedance of the 
pick-up at 16kc/s is approximately 7500 ohms. This 
limitation may be a drawback when examining small 
objects, which often have very high natural frequencies, 
but this may in practice be offset by the fact that in such 
cases smaller excitation forces are required. 


Definition of Terms 


In practical mechanics the maximum displacement from 
the zero position is often referred to as “single ampli- 
tude” or “amplitude.” Since these terms might lead 
to confusion when dealing not only with displacement 
but other phenomena coincident with vibration; e.g. 
velocity, acceleration, frequency, strength, etc. a termino- 
logy has been used which applies to physics generally and 
to electronics in particular. 

When the alternating voltage converted from the 
mechanical vibration varies sinusoidally with time, the 
maximum deviation from zero is referred to as the 
“amplitude.” When the change is not sinusoidal then 
the term “peak value” applies. Thus for distinction 
the following terms are used : — 

“displacement amplitude ” 
“acceleration peak value” 
“voltage amplitude.” 

With non-sinusoidal changes the peak value below zero 
may not equal that above zero, in these cases the terms 
“negative peak value” or “positive peak value” (of 
velocity, for instance) would be used. When the vibra- 
tions are not of: constant magnitude, it will be possible 
to state for a given period of time the maximum peak 
value of amplitude observed during that time*. Absolute 
movement is defined as that movement with respect to a 
stationary point in space, in most practical cases with 
respect to the earth. Relative movement is defined as that 
movement existing between two specific points, for ex- 
ample, as between one part of a machine and another. 

Movement of a point is characterized by its displace- 
ment as a function of time, and if this movement is sinu- 
soidal then the motion may be described in terms of 
displacement, amplitude and frequency. 

The velocity (dx/dt) of the movement is defined as 
the differential of displacement (x) with respect to time, 
and the acceleration (d’x/dt?) as the differential of 
velocity. 
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Geiger Counter Tubes 


A Production Range 


By N. B. Balaam*, B.Sc., A.M.I.E.E. 


bene usefulness of the Geiger counter tube as an instru- 
ment for detecting and measuring radioactivity is based 
upon the amplification of ionizing events within the tube 
into discrete pulses which are large enough to be counted 
and of which the frequency, in terms of counts per 
minute, is a measure of the strength of radiation incident 
upon the tube. The simplest method of measurement is 
obviously by direct comparison with a known field or field- 
producing source, provided the radiations are of the same 
nature. A full discussion of this aspect is given by Dr. D. 
Taylor’. 

The Geiger counter tubes hereafter described are gas- 
filled diodes of cylindrical geometry having glass envelopes 
which are operated commonly in the corona discharge 
region’ with the wire positive and with a gas amplification of 
the order of 10°. In this condition the ionization produced 
by a £-particle or by a secondary electron knocked out 
of the cathode by y-ray bombardment creates an avalanche 
which spreads along the whole length of the thin central 
anode wire. This avalanche is terminated by the space- 
charge due to the formation of a positive-ion sheath around 
the wire and production of further avalanches is prevented 
by the action of a quenching agent added to the noble gas 
filling. During the avalanche a current flows through the 
resistor R in Fig. 1 and produces a voltage pulse whose 
amplitude depends upon the geometry and gas-filling of the 
tube and upon the values of R and C. ; 

The minimum voltage at which the avalanche will spread 
along the anode so that all pulses have the same amplitude 
irrespective of the amount of primary ionization is known 
as the Geiger Threshold Voltage and the voltage range over 
which all the pulses—at a fixed voltage—are the same size 
is known as the Géiger Plateau. Fig. 2 indicates that the 
name is derived from the shape of the graph of counts-per- 
minute against applied voltage in this range. The slope 
of the line ab in Fig. 2 expressed as a percentage of the 
mean count rate is known as the slope of the Geiger 
plateau and may vary in good counter tubes between 0 
and 0-1 per cent per volt according to their nature and 
quality. The deviation of the line ab in Fig. 2 from the 
horizontal is mainly due to the change in the effective 
volume of the tube brought about by increasing the applied 
voltage. The less significant effect of spurious pulses 
following close upon the main pulse is discussed by 
Wilkinson’, who also refers to the role of the quenching 
agent. 

The quenching agent is generally a vapour which is 
added to the noble gas and its main function is to ensure 
that secondary emission shall not take place at the cathode 
surface. This effect may be achieved by the production of 
excited states of comparatively low energy in the quenching 
agent itself (e.g. halogens* and organic quenching agents*) 
or by dissociation of its molecules (e.g. organic vapours 
such as ethyl formate). The reduction of the field near the 
wire implies that the tube is inoperative for a period known 
as the Dead Time® and partially operative during the 
Recovery Time*. Corrections necessary in assay observa- 
tions are best considered in relation to the Resolving Time’ 
of the complete equipment employed. 

The electrical performance and quality of a Geiger 
counter tube are generally expressed in terms of its 
threshold voltage and the length and slope of its plateau. 





* 20th Century Electronics Ltd. 


ELECTRONIC ENGINEERING 


Large scale manufacture over many years has made 
possible very close control of these three properties and has 
established standards for counter tubes which are quenched 
with organic vapours such as alcohol or ethyl formate. 
Tubes of this type are illustrated at Fig. 3 and a typical 
tube has the following properties : : 


Geiger Threshold 1 000 volts 

Plateau Length 200 volts 

Plateau Slope 0:02 per cent per volt 
Life 4 x 10° counts 


The comparatively modern requirements for counter 
tubes which will operate at low voltages readily available 
from batteries and in portable equipments gave rise to 
the development of a series of tubes operating at about 
400 volts. These tubes are filled with a trace mixture of 











Fig. 1. Geiger counter tube circuit 
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Fig. 2. Counts per minste/applied voltage 


halogen and argon in neon’ at a total pressure of about 
20cm mercury. Experiments with various proportions of 
these and other constituents are reported by Leibson and 
Freidman* and by Le Croissette and Yarwood’. 

Early work upon the design of practical tubes of this 
type was undertaken for the Ministry of Supply and in 
close operation with Mr. W. R. Loosemore* of A.E.R.E., 
Harwell. 

A group of halogen-quenched counter tubes is shown 
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B12 M6 OMB 


Fig. 3. Typical Geiger counter tubes 


at Fig. 4 and typical properties are as follows: 


Geiger Threshold 360 volts 

Plateau Length 100 volts 

Plateau Slope 0-02 per cent per volt 
Life Unlimited by use. 


Apart trom the low operating voltage, which makes a 
plateau length of 100 volts quite acceptable, halogen- 
quenched counter tubes offer the advantages of unlimited 
counting life, better stability and improved electrical robust- 
ness over their organic quenched counterparts. From the 
manufacturing point of view, however, it is necessary to 
employ materials which are inert to the halogens and tech- 
niques which eliminate absorption of the halogen during 
shelf life, and it is only the precise control of all processes 
that has made possible the production of consistently good 
halogen-quenched low voltage counter tubes in large 
numbers. 

The influence of the circuits associated with the counter 
tube upon the results obtained may be considerable and 
has been analysed by the manufacturers'’. In an organic- 
quenched counter tube the charge per avalanche is con- 
stant at a fixed voltage and the influence of R and C in 
Fig. 1 is quite conventional, whereas with halogen quench- 
ing the charge per avalanche cannot necessarily be re- 


Fig. 4. Typical halogen-quenched counter tubes 
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garded as independent of the impedance of the input circuit 
and the relationship between the pulse amplitude, circuit 
constants and applied voltage may be complex or even 
discontinuous’’. 


A Range of Counter Tubes 


The necessity for a range of tubes is imposed by 
differences in the nature of the radiations characteristic of 
various substances. The following loose classification of 
these radiations illustrates some of these differences and 
the explanatory notes in each case refer specifically to the 
practical aspects of Geiger counter tube production. 


(a) HARD y quanta are of sufficient energy to penetrate 
glass walls of normal thickness (1 to 2mm) and produce 
secondary electrons with an efficiency of about 1 per cent 
from cathodes of metal foil or carbon. 


(b) Sorr y quanta will penetrate glass walls of normal 
thickness but require cathode materials of high atomic 
weight such as tungsten or lead to produce efficiencies of 
the same order. 

(c) Harp /3-particles can penetrate walls up to 30mgm/ 
sq.cm with no more than 50 per cent loss and are counted 
with 100 per cent efficiency when once in the counting 
volume. 

(d) Sorr (£-particles cannot penetrate windows thicker 
than 3mgm/sq.cm without at least 50 per cent loss, but 


TABLE I 
Approximate classification of some isotopes indicating their influence om 
eiger counter tube design 





RADIATION ISOTOPE ENERGY MeV 

Hard : Ra 0-8 average 
‘0 J 1:33 
— | Tee 
Soft r= 0:4 
Hard B psz 1:69 
Na” 1-4 
p31 | 0-6 
Na” | 0:58 
Soft 4 ee seers wae” 0-14 
wos 0-11 
H* 0-01 











can be counted with 100 per cent efficiency when once in 
the counting volume. 

Table I indicates this classification, together with the 
approximate energies, of some of the isotopes in common 
use. 


HARD y COUNTER TUBES 

These tubes are identified by a type number of which 
the first or second letter is G and the figures indicate the 
approximate active length in cm. A final letter H shows 
that a tube is halogen-quenched. In applications where 
large areas are to be monitored or coincidence methods 
are to be used tubes of the “ double-ended ” type such as 
the G24 or G60 in Fig. 3 are desirable. For prospecting 
and bore-hole logging and for checking contamination 
either in the open or indoors, tubes from the Halogen 
range illustrated in Fig. 4 are ideal. G24H, GIOH or 
MGIOH may be selected for lower field intensities and a 
halogen-quenched version of the G60, to be known as the 
G60H, is being developed for the very low intensities. 
G4H and GS5H are most useful in strong fields and the 


Ne wil latter has been protected against shock and tropical con- 

te u ditions by the provision of a thick rubber cover (CV.2247). 

ada oN The approximate measurement of fields of very high in- 

J tensity may be achieved by the use of the HC4 in suitable 

b24H circuits. This halogen-quenched high-current tube, illus- 
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trated at Fig. 4, may be used to give a current varying 
logarithmically with change of field. 


SoFT y COUNTER TUBES 

The widespread use of I’** in medicine, where the total 
amount of activity permissible is limited by health con- 
siderations, requires the best sensitivity to soft y-radiation 
in a cheap and manceuvrable instrument. A thin lead 
foil pressed into a copper mesh forms a cathode which has 
the advantages of rigidity, high atomic weight and large 
surface area so that tubes containing such cathodes meet 
most of the clinical research worker’s requirements. Such 
tubes are particularly suitable for hand and foot monitor- 
ing and for circulation investigations while the G4Pb, 
used in a lead “ pistol” shield, has directional properties 


MELEE Peroctinie 


Fig. 5. Lead castle for use with M6 and M6H tubes 


desirable in the detection of local concentrations'*. These 
tubes are not available with halogen-quenching because 
of the chemical action of halogen on lead and copper. 


Harp 8 COUNTER TUBES 

Although these tubes are identified by the initial letter 
B in the type number, they are sensitive to both 8- and y- 
radiation and tubes such as the B12 (Fig. 3) and the 
B12H (Fig. 4) are commonly used for general monitoring 
purposes. Their sensitivity to @ radiation is some 50 times 
that to y, so that even in the presence of y they may be 
used quite accurately for @ assay. 

The glass walls are reduced, over the active length, to 
a thickness of about 30mgm/sq.cm and the cathodes are 
thin films of either carbon or preferably, evaporated 
metal. This form gives, for example, an overall efficiency 
of about 50 per cent to Na’*. The fragility of the enve- 
lope is a limitation quickly overcome with the care taught 
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by experience, but for applications where contamination by 
contact with isotope necessitates frequent cleaning and 
handling special arrangements have been made. 

In the M6 (Fig. 3) and the M6H (Fig. 4) a 6cm thin- 
walled counter tube has been surrounded by a test-tube 
which is robust and of fixed volume. This enables a con- 
stant source geometry to be obtained with radioactive solu- 
tions and simplifies comparison measurements as well as 
offering a convenient form of permanent calibration. 

A special lead castle for use with the M6 and M6H 
is shown in Fig. 5. The M6 was primarily designed in 
collaboration with N. Veall’* of the Medical Research 
Council for use in the medical field’*. 

Modified versions of the M6 are the DM6 (Fig. 3) 
which, by reason of its detachable outer container, is more 
easily cleaned and the FM6 (Fig. 3) which provides for 
tubular connexions to the outer container in cyclic or 
liquid-flow measurements. For liquid-flow experiments 
requiring greater sensitivity or where the available samples 
are necessarily small the F10 is particularly useful. This 
tube is illustrated at Fig. 3 and is a conventional cylindrical 
counter having a very thin glass tube spiral of Icc total 
capacity within the counting volume. Liquid access to 
each end of the spiral is through capillary tubes protruding 
from the counter body. A further tube for use with 
eieanlin where the widtindal dilution cannot be oneal con- 


= momar a 


6A26 


Fig. 6. Typical special purpose counter tubes 


EW3H 


trolled, as may be the case in the field, is the M2H illus- 
trated in Fig. 4. The outer jacket has a liquid capacity 
of about Scc and the tube has a wall thickness of 15mgm 
sq.cm with a 2cm active length. It is halogen-quenched and 
operates at 400 volts. 

Recent research at A.E.R.E. Harwell has shown that 
the M2H may also be employed usefully for the counting 
of S** in liquid solution with an efficiency of the order 
vo) i | 

Where hard £-contamination is to be detected or solid 
samples assayed, tubes of the B12 and B12H form (B6 
is a shorter version; B24 and BI5H are longer) are com- 
monly used; but when the material is in the form of dust 
or swarf it may be convenient to collect it on a fine wire 
which can be passed through a counter tube. For such 
purposes the WI1O illustrated in Fig. 6 is ideal since it 
has a very thin glass tube (20mgm/sq.cm) passing straight 
through the counting volume of a conventional counter, 
parallel to the anode. Both the W10 and F10 have 
been developed in collaboration with A.E.R.E Harwell. 


Sort 8 COUNTER TUBES 

The most popular method of carrying out measurement 
of soft 8-radiation is with an end window counter such as 
the EW3H illustrated in Fig. 6, which has a mica disk of 
about 2mgm/sq.cm sealed over the open end of a bell- 
shaped glass tube 30mm in diameter. The sample to be 
measured is spread in a specimen dish which may be pre- 
sented to the window, the whole being enclosed in a lead 
castle to minimize the background’. The tube is halogen- 
quenched and is filled to a pressure of approximately one 
atmosphere, giving an operating voltage of about 650 volts. 
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Apart from its sensitivity to soft B-rays this type of tube 
has good directional properties with hard §-radiation and 
finds many applications in industry and medicine. It is 
often desirable to have a tube in a form in which it may be 
washed or, in cases where it is used in the operat- 
ing theatre, sterilized. For these purposes*® a tube having 
a glass bubble sealed directly to the open end of. the 
“ bell-jar ” is available. The EW3HG, MB4H and EWGSH 
illustrated in Fig. 6 are all of this type and have glass 
windows of 5 to 10 mgm/sq.cm, according to diameter. 
All the end window tubes illustrated in Fig. 6 are halogen- 
quenched and have the advantages of uniform sensitivity 
across the window, absence of hysterisis, long life and a 
rigid anode construction enabling their use in any position. 

In order to obtain the best possible sensitivity to the 
very soft @-radiation of C’* and H® it is often necessary 
to introduce the sample into the active volume of the 
Geiger counter tube itself in the gas phase. Such tubes as 
the GA26 illustrated in Fig. 6 are manufactured in many 
sizes to meet varying conditions of experiment and they 
can be connected to the gas-producing system by cone 
joints, rubber hose or glass seals. Common vehicles for 
the isotopes referred to above are water, carbon dioxide, 
methane, butane; any of which may conveniently be con- 
densed in the refrigerant tube during generation and allowed 
to vaporize into the active volume for counting’*?’. 


X-RAY COUNTER TUBES 

The application of Geiger counting techniques to X-ray 
spectrometry was discussed'* in 1948 and the advantage 
of a more rapid assessment of the spectra of samples than 
can be obtained photographically is generally accepted. 
A suitable tube is the Type X10H illustrated in Fig. 6, 
which is halogen-quenched with a vehicle gas filling of 
argon at about 60cm mercury pressure. Its basic design 
is due to Dr. Arndt of the Royal Institution. An effective 
length of 10cm gives 80 per cent efficiency in the counting 
of CuKa and the glass bubble end window is of 7mgm/sq. 
cm. The use of halogen-quenching gives the necessary long 
counting life and permits the use of a rigid anode to mini- 
mize the dead space at the window. The tube is not per- 
fected but versions filled with krypton and xenon are en- 
visaged to cover other energy ranges when the development 
is complete. 


Economics 


The four major groups of counter tubes, as well as those 
for special applications have been developed around the 
common constructional features of glass envelopes and 
cylindrical geometry. In practice, this basic design has 
proved to be adaptable to most Geiger counting problems 


HARBOUR RADAR AT ES8JERG 


At the request of the United Shipping Company of 
Denmark, a test was recently carried out to demonstrate 
the possibility of giving assistance from Harbour Radar 
to vessels entering Esbjerg. 

A Decca Harbour Radar Type 30, arranged as part of 
the Decca Mobile Demonstration Unit at present touring 
North West Germany and Scandinavia, was placed on a 
site 50ft above sea level on the island of Fané near 
Esbjerg. From this position a good view of the narrow 
approach channel could be obtained and also the rest of 
the channel to Esbjerg itself, a total distance of approxi- 
mately eight nautical miles. 

A Pye v.H.F. radio telephone equipment Type PTC 704 
was installed in the chartroom of the United Shipping 
Company’s passenger vessel “ Kronprinsesse Ingrid” to 
provide a two-way radio link with the Harbour Radar 
Mobile Unit, which was equipped | with a Pye Mobile 
Unit Type PTC 115. 
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and the techniques of manufacture are sufficiently flexible 
to provide tubes of all types at a comparatively low cost. 

The “ G” series of - counter tubes with their thick glass 
walls are the least expensive. The “ B” series of 8-y tubes, 
though slightly more costly on account of the fine limit 
thin glass wall required, find many applications in the 
laboratory while, in the medical field, the ““M” series of 
liquid-jacketed tubes of this type is particularly useful. 
End window tubes are obviously more expensive to manu- 
facture by reason of the special manipulative skill required 
for very thin windows, but they are essential to a complete 
range of tubes serving isotope users in medical and indus- 
trial physics. 

Halogen-quenched counter tubes require a very high 
degree of process control to maintain good quality in pro- 
duction and to realise the inherently high performance of 
their type. Careful control and application of the new 
processes within the same basic glass-bodied design enables 
the price of these tubes to be kept low and thereby in- 
creases the popularity already established by their high 
stability, low operating voltage and long counting life. 
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V.H.F. communication was established with the 
“Kronprinsesse Ingrid” at a range of just over 20 
nautical miles as she approached Esbjerg on her routine 
run from Harwich. She was detected and identified on 
the Type 30 Harbour Radar equipment when she was 5 
miles to seaward of the first channel marking buoy. 
During the whole of the vessel’s inward run continuous 
information was passed to her giving her position rela- 
tive to the nearest mark and keeping her acquainted with 
the movement of other shipping in the channel. 
This information was checked on the bridge of the 
“Kronprinsesse Ingrid” and the Captain subsequently 
stated that he found the information to be reliable and 
that it would have been of the utmost value to him if 
he had been bringing in his ship in bad visibility. 

Discussions are in progress to determine whether a 
Type 30 Harbour Radar shall be permanently installed at 
Esbjerg to assist the regular operation of the United Ship- 
ping Company’s vessels. 
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The 
CHORD ORGAN 


A New Domestic Musical Instrument 


By Alan Douglas 


HE Hammond organization is noted for its novel 

approach to electronic musical problems. Few people 
realize that this company has no fewer than 69 patents on 
electrical keyboard instruments alone, apart from many 
circuit patents. From this fund of ingenuity new methods 
of tone production are embodied in commercial instru- 
ments from time to time, and this article describes a 
fundamentally new concept for the large numbers of 
musically inclined people who have never progressed 
beyond the stage of picking out a melody with one finger. 

The “Chord” organ automatically provides a correct 
harmonic accompaniment to any note so selected, and 
furthermore generates two bass notes which change with 
the accompaniment. In addition, a wide range of tone- 
colours embracing strings, flutes, woodwind, brass, etc., is 
available and octaves can be played on the melodic section 
of the keyboard. Vibrato, percussion, different rates of 
attack and decay, mutes and accenting devices are also 
provided. 
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Fig. 1. The complete instrument 


appropriate button. In all keys, some chords are more used, 
or of greater importance, than others; small detachable 
caps are provided to slip on these buttons, the more readily 
to locate them. 

To play the instrument it 
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SOLO KEYBOARD 
g GENERATING |p SOLO desired note on the keyboard: 
S > SYSTEM CONTROLS pressure on the appropriate 
23 Balancer chord button will supply a 
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. board in the ordinary way. 
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Fig. 2. Simplified block diagram 


So simple and ingenious are the methods of control for 
all this that a special musical notation has been made 
available by the Hammond company, so that those who 
cannot read a note can play pieces so scored with ease. 

Fig. 1 shows the appearance of the instrument. The case 
contains a 37-note keyboard from F below middle C 
upwards; 96 chord buttons; two bass pedals; 20 control 
tablets; an expression lever and an accent bar. All the 
generators, amplifiers and the 15-inch loudspeaker are con- 
tained in this console. 

Fig. 2 is a simplified schematic diagram of the system. 
Two different generators feed the keyboard, another feeds 
the chord buttons and bass pedals. The outputs from these 
different sections are mixed, controlled in timbre, balanced 
for relative loudness and passed to the amplifier and loud- 
speaker. 

Fig. 3 shows the chord buttons. Practically any usable 
chord for any note in any key is available by pressing the 
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Another generator provides 
the signals for this. So this 
section can be used alone. 
and if the solo generator 
is also brought into circuit, the uppermost of any notes 
played will sound as a melody with a contrasting tone- 
colour and in several pitches. Of course, the chord buttons 
and pedals could be used as well. 

Although the resources of this instrument suggest it is 
complicated, this is not so, as will be clear from the follow- 
ing sequential description. 





Keyboard 

There are 37 keys, three full octaves F scale. Each key 
has four contacts which are depressed to touch four 
busbars running the length of the keyboard. The upper 
pair of contacts operate the melodic or solo generator 
whereas the lower pair excite the generator supplying notes 
for the rest of the keyboard. The upper of each pair of 
contacts is a tuning contact, which always closes before the 
speaking contact. All contact faces are tipped with oxide- 
resistant alloys but the busbars can be moved a short 
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distance endwise to present a fresh surface or to dislodge 
a particle of dust. The whole of the keyboard-contact 
assembly is sealed in a dustproof enclosure before assembly. 


Vibrato 


The value of any simple tonal generator is enhanced 
by the judicious use of a tremulant or vibrato device. In 
this instrument there is a fixed frequency for this circuit, 
approximately 6c/s. This is found generally agreeable. A 
high gain triode valve is used in a phase-shift oscillator. 
The buffer valve or switch valve has a square wave output 
and its anode circuit acts as a switch to connect and dis- 
connect small capacitors across the solo oscillator tuned 
circuit. There are compensating capacitors connected to 
the vibrato “off” tablet to maintain the mean frequency 
constant. The two other signal generators obtain the vibrato 
voltage from the cathode resistor of the switch valve 
because these operate by varying the grid bias of the 
oscillators in these sections. 
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in key of C and (below) the chords o ae in oe of C 


Solo or Melodic Oscillator 


The oscillator drives frequency dividers providing an 
octave below and two octaves below the true generated 
pitch; therefore it is the highest pitch range which is tuned. 
37 inductors are series connected so that, when the lowest 
note is played, the maximum inductance is such as to 
give the correct frequency. Depression of any other playing 
key then shorts out a part of the inductance chain, auto- 
matically tuning the oscillator to that note. Each inductor 
has an adjustable core for initial tuning. If two keys are 
pressed at the same time, only the upper note will speak; 
it is by this means that a melody of contrasting tone 
quality can be played when full chords are also played. 
Two panels of tuning capacitors in big and little steps are 
provided to set the pitch. A buffer valve follows the 
oscillator and provides a square wave output, but this 
waveform is used for tone forming and will not trip the 
dividers; to do this, a rectifier valve follows the buffer 
which generates waves having a steep wave-front; these 
feed the first divider, but are also used to reinforce the 
tone-forming circuits in an ingenious manner. 


DECEMBER 1952 


563 


Frequency Dividers 

Each employs three triodes, of the symmetrical feedback 
type. Either (but only one) of the two latter triodes can 
conduct at a time, for by drawing anode current it holds 
the other in a cut-off condition’. By cascading two dividers, 
tones one and two octaves below those of the oscillator 
are produced, and this is the only melodic instrument in 
existence (the Solovox is the same) on which this can be 
done. 


Solo Register Controls 


Three register or pitch division controls are provided: 
the soprano tablet derives its signals from the oscillator 
and its rectifier; the Tenor tablet from the first divider and 
the following driver valve; the Bass tablet from the second 
divider and a rectifier following. Thus the two incoming 
signals to each register control are of the same frequency 
but different waveshapes. After passing through suitable 
tone filters these signals provide woodwind tone-colours 
from one control and string tones from another. 


Solo Tone Controls 

After passing through a pre-amplifier, the signal is 
applied to five control circuits between the line and earth. 
A deep tone switch introduces a large capacitor which 
absorbs the upper frequencies; the full tone switch leaves 
the response substantially flat. First and Second voices 
introduce resonant inductive filters which give horn-like 
tones of considerable beauty; and brilliant tone produces 
a biting sound of the trumpet type. Thus, between the tone 
and register controls, a wide choice of tone-colours is 
available. 


Solo Control Valves 


It is necessary to give a suitable time-constant to the 
notes sounded to match the mood of the music and to 
prevent explosiveness in attack. The circuits for this are 
more comprehensive than have been made available on 
any instrument previously. First of all there are two keying 
valves in push-pull. These are normally over-biased so that 
the signal will not sound. The solo control contact on the 
playing keys earths the cathodes and so causes the note 
to sound. With the Solo fast attack and Solo accent tablets 
off, a large capacitor C,, makes the attack comparatively 
slow because a sudden decrease in the positive cathode 
voltage (when a key is pressed) causes a negative surge 
through this capacitor, charges C,, negatively, and so main- 
tains the cut-off condition for an instant until the charge 
leaks off through R-,-. When the Fast attack is in use, this 
effect is eliminated by disconnecting C,,. But when the 
Solo accent is on, it not only disconnects the capacitor C,, 
but connects a large capacitor across R,,. On a sudden 
decrease in cathode voltage, this capacitor reduces the bias 
for an instant, causing the note to be loud at first and so 
giving a percussive effect. 

After these foregoing circuits, the signals pass through 
a balancing resistor to a pre-amplifier valve. Each section 
of this instrument has one of these balancers to set the 
relative levels. 


“ Organ” Oscillators 

In order that chords can be played on the rest of the 
keyboard, a set of Hartley type oscillators is provided to 
give several notes each. By this means, the number of 
components is reduced although it means that some rather 
abstruse harmonies cannot be played. The upper oscillator 
provides three adjacent notes; the lower four, three notes 
each; all the others, two notes each. This permits some 
chords to be played and it is assumed that only two or 
three notes with the right-hand will be required as well as 
the melody, and this perhaps not often. The oscillators are 
tuned firstly by a main shunt capacitor across the whole 
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coil, then for other notes by capacitors in series with the 
cathode tap. The. coil taps are so adjusted that capacitors 
of the same yalues can be used for many purposes, thus 
greatly simplifying manufacture and servicing. Each coil 
can be tuned by adjusting the core. 

There is a rather flute-like signal developed at the upper 
end of each coil, whereas that from the lower end of the 
coil is more brilliant and each may be selected by tablets. 
The grid resistor of each oscillator valve is taken to the 
top of the vibrato buffer cathode resistor; since there is 
a small voltage variation across this, the bias and hence 
the frequency of the “ organ ” oscillators is cyclically varied 
to produce a vibrato. This can be cancelled by earthing 
the cathode of the buffer valve. Another balancing resistor 
is inserted before the signals are passed to the pre-amplifier 
associated with this section. 


KEYBOARD 


CONTROL ASSEMBLY 
(COVER REMOVED) 








similar to that of the solo section is used; pressing the 
chord bar removes a cut-off voltage and the signal can pass 
to the amplifier. 


Bass Pedals 


The left pedal always plays the fundamental or root note 
of the chord selected; the right one, the fifth above. When 
a pedal is pressed, the contact taking the signal to the pedal 
dividers closes first; then another contact operates yet one 
more control valve as above, with a control to allow of 
a fast decay to the sound. Since two stages of dividers 
are used in cascade (to lower the pitch two octaves), a 
mixed signal is available to feed the pedal tone forming 
filter; this provides a more satisfying tone-colour than a 
pure flute, which is not effective at very low frequencies. 
A balancer is also provided for the pedal control valve, 
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BUTTONS 


CONTROL 
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SOLO MAIN TUNING CONDENSER 





TUNER ASSEMBLY 


GENERATOR IN HORIZONTAL 
POSITION 


Fig. 4. Generator, tuner assembly and control assembly cxposed 


Chord Oscillators 


The six chord oscillators are similar to those described 
above, and each can play either of two adjacent notes. 
The vibrato effect is also produced in the same way. It is 
possible to make the 12 chord notes available with only 
six oscillators, because no chord button uses more than 
five oscillators and no button requires two adjacent notes; 
however, these oscillators operate all the time, whereas the 
“organ” oscillators only speak when the anode circuit is 
keyed by one of the contacts. 


Chord Buttons 


Each of the 96 chord buttons selects the correct three 
or four notes for that chord, as well as the correct notes 
for the two pedals to use with that chord. The buttons tune 
the six oscillators as required to form the proper chords, 
all of which lie in the range 175 to 330c/s. For this purpose, 
busbars and sets of movable contacts like those of the 
playing keys are used; there are, in addition, extra contacts 
to route the signals to the pedal contact box. As the oscil- 
lators are operative all the time, a control valve circuit 


ELECTRONIC ENGINEERING 564 


but this does not attenuate the signal so much as the other 
sections as the ear requires a higher bass level at low 
volumes. 


Amplifier 

The main amplifier is conventional except that a differen- 
tial variable capacitor is used as a volume control; this 
is noiseless and not subject to wear. 


Power Supplies 


All of these, including the several negative voltages, are 
derived from a common power pack. A single 5U4 supplies 
the H.T. circuits. 

The compact nature of the electrical design will be 
apparent from Fig. 4, which shows the top of the instru- 
ment open; space will not permit the inclusion of the 
complete circuit diagram, but parts of it are given in Fig. 5. 


Conclusions 


The “Chord” organ is extremely small in size and 
characterized by the excellent mechanical construction and 
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finish of all Hammond products. It is only in limited pro- 
duction in the United States at present on account of the 
heavy defence programmes, and regrettably there is no 
prospect of its being available here. Technically it is 
interesting as confirming the trend towards the use of valve 
or static generators for producing complex musical tones, 
and also in showing the development of circuits for forming 
pleasant organ-like sounds in variety. As with all Hammond 
products, no attempt is made to synthesize exactly known 
organ tone-colours, and this undoubtedly leads to the best 


Trafic Aid for Heavy Transport Vehicles* 


F recent years road transport has been increasingly 
used for conveying very large objects, and conse- 
quently there are now on the roads many transport 
vehicles of such length that it is not easy for the drivers 
of these vehicles to hear motor signals from the rear of 
the vehicle. Besides, the engine noise in the cab of 
many transport vehicles gives rise to the same difficulty. 
Various proposals have therefore been made to enable the 
drivers of heavy transport vehicles to be better aware of 
motor horn signals made by a following car. One of 
the more practical proposals is that a microphone should 
be mounted at the rear of the transport vehicle to relay 
the. normal acoustic motor horn signals to the cab of the 
transport vehicle, for instance by means of an amplifier 
and a loudspeaker mounted in the cab. 
One difficulty that is met immediately with an 
arrangement of this kind is that the microphone tends to 
relay to the cab of the transport vehicle the general back- 


t~ 





Fig. 1. Arrangement using existing radio receiver. 


Fig. 2. Method of by-passing volume control. 


ground of road noise. This of course is undesirable and 
it has been suggested that a 3000c/s band-pass filter 
should be included in the microphone or amplifier circuit : 
at 3000c/s most motor car horns have a peak in their 
output characteristic. If the filter is designed so as not 
to pass frequencies below about 2 500c/s then the majority 
of background noises are excluded, and in practice a 
simple method is to employ a high-pass filter which is 
transmitting for frequencies above 2 500c/s. Such a high- 
pass filter may be conveniently provided by means of 
series capacitance elements and shunt resistance ele- 
ments. In some circumstances however the most con- 
venient course may be to cause a coupling transformer to 
resonate at 3 000c/s so providing a band-pass circuit. 

If the transport vehicle is already provided with a radio 
receiver this receiver may easily be modified so that the 
signals from the microphone are repeated by the loud- 
speaker of the receiver. Fig. 1 shows an arrangement on 


* Communicated by the Telefunken Company via E.M.J1. Ltd 
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effect, since to meet the requirements of voiced organ pipes, 
more generators and other complications are required. 
Moreover, the kind of sounds available are more likeiy 
to be suitable for playing simple music of the light kind 
in the home. Independent research on extending the 
resources of the instrument is being carried out by the 
author, who has great pleasure in acknowledging the kind- 
ness of the Hammond Instrument Company in making the 
details available to him. 


REFERENCE 
1, DouGias, A., The Solovox : Electronic Eng., 22, 275 (1950). 


these lines. The block A represents the carrier frequency 
portions of the receiver together with the detector circuit, 
the output from the detector is applied to an audio fre- 
quency amplifier indicated by the block B. This ampli- 
fier feeds the loudspeaker § and the resistor R, connected 
at one end to ground, represents the grid leak resistor 
of an amplifying stage of the audio frequency amplifier. 
This resistor is made the final shunt resistor of a resistance 
capacitance high-pass filter, the other elements of which 
are constituted by the series capacitance elements C, C’ 
and the further shunt resistance element R’. To the input 
of this filter there are applied by means of the switch K 
the signals deriving from the microphone which is indi- 
cated by M in the diagram. In a simpler form of the 
filter the elements C’ R’ may be omitted, this omission 
depending upon the degree to which it is desired to dis- 
criminate against the general background. 

With the arrangement just described, in the absence of 
any precaution to the contrary, the signals from the micro- 
phone will only be repeated in the cab of the vehicle so 
long as the receiver is in the operating condition; and if the 
receiver is One permitting only of station selection by 
push buttons it will clearly be possible on most occasions 
only to hear the motor horn signals in the presence of a 
broadcast programme, unless some precaution is taken 
so that the volume control for the receiver can be made 
to operate solely for the broadcast transmission leaving 





Fig. 3. An alternative arrangement. 


the audio amplifier working at full gain for microphone 
signals all the time. 

Fig. 2 shows one arrangement in which the volume 
control can be worked in this way. In this figure the 
volume control slider is connected to the grid of the 
following amplifier valve not merely through the. usual 
coupling capacitor C but also through the series resistor 
R,. The leak resistance for the valve furthermore is not 
provided by a single resistor but by the pair of resistors 
R, and R, in series, to the junction point of these resistors 
the connexion from the microphone being effected via the 
switch K. By making the series resistor R’ sufficiently 
large it is clear that the volume control slider may be set 
to a zero volume condition without however, short- 
circuiting the microphone. 

Fig. 3 shows an alternative arrangement and in this a 
hexode valve is used and the broadcast signals from the 
volume control are applied directly to the inner control 
grid and the signals from the microphone are separately 
applied to the outer control grid. 
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A Dekatron C.R.O. Time Marker 


By J. H. L. McAuslan*, B.Sc. 


4 usual way of obtaining a permanent record of a 
single incident phenomenon is to present it on a 
c.R.O. tube and photograph it. To obtain a time reference 
it is customary to present calibration marks in the form 
of a sinewave or a series of pulses on the second beam. 
The number of cycles or pulses per time sweep is dependent 
on the rate of rise of the fastest transient on the trace. 
When a rapid change occurs at a considerable time after 
the start of the time sweep, it is necessary to have a high 
repetition rate of marking to give significance to the time 
of rise of the transient, but this high rate makes it a 
laborious task to refer this incident to the start of the sweep 
by counting each individual time marker in the interval. 

This measurement would be made much easier if each 
tenth .and hundredth pulse could be separately dis- 
criminated. The instrument to be described achieves this 
by using scale-of-ten cold-cathode counter units. The 
discrimination is made possible by making the tenth pulse 
larger than the units and the hundredth pulse similar to 





Fig. 1. Final form of the signal 


the tenth but with a negative pulse superimposed. Fig. | 
illustrates the final form of the signal. 


Circuit Description 

Fig. 2 illustrates how the Dekatron cold cathode counters 
type GCIOB are used to obtain this. Starting with a 
Ikc/s crystal oscillator, the output is broken down to 
100c/s by the first stage of counting. This output is then 
used to drive the second stage of counting through an 
amplifying and inverting triode. 

The output from the anode of this counter is shown in 
Fig. 3, the large positive square pulses corresponding to 
the tenth counts and the thickening of the trailing edges 
of the other pulses to the movement of the glow from the 
cathode concerned to the following guide electrodes. 

By cutting off the negative part of the pulses just above 
where this thickening occurs, the effect can be eliminated. 
This clipping is carried out by diode V., the necessary bias 
being obtained from potentiometer R,,R.,. The output- 
waveform is shown in Fig. 4. 


* Nobel Division, Imperial Chemical Industries Ltd. 


When this waveform is differentiated by time-constant 
R,;C,,, the output appears as in Fig. 5. The tenth pulse 
corresponds to the trailing edge of the large positive pulse 
of Fig. 3, and is consequently larger than the other nine, 
the relative sizes being dependent on the bias setting of 
Res: 
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Fig. 3. Output from second stage counter 
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Fig. 4. Waveform after clipping 
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Fig. 5. Waveform after differentiation 


To provide a straight base line from which measurements 
of displacement might be made, this output is passed 
through diode V, which has its anode biased positively. 
The diode therefore cuts off the erratic base line of Fig. 5 
and refers the pulses to a steady potential determined by 
R36Rsz- 

The third counter unit is driven through triode V,, in 
the conventional manner from the output cathode of the 
second counter. The output from this counter consists 
of a positive square wave of 100msec length with a repeti- 
tion rate of one per second. As this pulse is too long for 
the purpose of time marking, it is differentiated by C,.R,. 


Fig. 2. Circuit diagram 
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and the negative pulse from the trailing edge rejected by 
diode V,. The setting of potentiometer R,,R,. controls 
the size of this positive pulse and rejects the small varia- 
tions due to the intervening nine counts of the second 
counter. 
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Fig. 6. Final output before integration 


This pulse, recurring at intervals of one second, is then 
superimposed on the signal output from V, by feeding it 
on to the common load R;,. The resultant waveform is 
shown in Fig. 6. This photograph was obtained by 
brightening the beam with the differential of this signal, 





as without brightening the pulses are too sharp to registe1 
without over exposing the base line. 

For practical purposes this is not convenient and the 
output has been integrated by C.,, the result being as 
shown in Fig. 1. This was obtained using a drum camera 
having a time sweep of approximately 6in. per sec, and 
using a steady beam brightness. 


Conclusion 


This particular instrument was designed for pressure- 
time curves having an overall period of several seconds 
and having a transient rise of approximately 100msec 
within that time. This principle can be applied to all fre- 
quencies within the range of the counter tubes available. 

In addition the fundamental accuracy of a crystal oscil- 
lator has been coupled to a simple and inexpensive counter 
system. The use of a binary counting system would make 
the cost of such an instrument prohibitive. 
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Improved Stabilization from a Voltage-Regulator Tube 


By M. D.-Armitage*, B.Sc., A.Inst.P. 


W ITH the usual method of operating a gas-filled voltage- 
regulator tube in conjunction with a series resistor, 
a high degree of stabilization calls for a high value of 
resistance. This usually leads (especially if the load current 
is large) to an inconveniently high value of D.c. supply 
voltage. The circuit described in this note employs a 
barretter lamp in place of the series resistor, resulting in 
a considerable improvement in the degree of stabilization 
obtained for a given supply voltage. Experimental results 
show that the output voltage can be regulated within limits 
of the same order as the hour-to-hour variations to be 
expected in the operating voltage of the voltage-regulator 
tube itself. The circuit is best suited to relatively large 
values of load current. 


Theory 
The performance of a voltage’ stabilizer can be described 


by three parameters (see Hunt and Hickman’, Gilvarry and 
Rutland’, Benson*). These are defined as follows : — 


(1) The “Stabilization Ratio”, S, is the ratio in which 
variations in the supply voltage are reduced by the circuit. 


(2) The “Range Regulation Factor”, Q, is the rate at 
which the current in the voltage regulating element varies 
with the supply voltage, and enables one to estimate the 
range of values of supply voltage over which the stabilizer 
will operate. 


(3) The effective “Output Resistance”, R., may be 
obtained in the usual manner by considering the current 
due to a fictitious generator in series with the load. 


In the normal circuit, where a voltage-regulating tube 
is connected via a series resistor to a D.c. supply, and 
feeds a load (assumed resistive) connected in parallel with 
the tube, the following expressions for the three parameters 
may be obtained (see Gilvarry and Rutland?) :— 





where r, is the average slope resistance of the voltage- 
regulator tube over the working range, R is the resistance 
in series with the supply, and Rx is the resistance of the 
load. The D.c. supply voltage required is given by: — 


Vs = Rls a I) -++ Vs oe 6 e.5 8) * 6.6 69.6 eae ee (4) 


where /, and /J;, are the currents taken by the voltage- 
regulator tube and the load, respectively, and V. is the 
output voltage. It will be seen that a high degree of 
stabilization necessitates a high value of R and a corre- 
spondingly high value of V; (unless Vo, J, and /1 are small). 
In the usual case, where R>>ra, the output resistance 
approximates to ra. 

The characteristics of a barretter lamp offer the possi- 
bility of obtaining a high dynamic series resistance with 
a comparatively low ohmic resistance, and it is clear from 
Equations (1) and (4) that this should lead to improved 
stabilization. A barretter lamp can be connected in place 
of the normal series resistor (and R in Equations (1) to (3) 
replaced by the average slope resistance R’ of the barretter), 
provided the total current (J, + /1) is within the limited 
range over which the lamp will operate satisfactorily. The 
combination of p.c. supply and lamp may be regarded as 
a generator of almost constant current; the small variations 
remaining will be absorbed by the voltage-regulator tube, 
and will cause only small variations in the output voltage. 


Experimental Results and Calculations 


Measurements were made on a barretter type 161 and 
on a voltage-regulator tube type STV280/80, three only 
of the four gaps being used to provide a convenient value 
of output voltage V.. The characteristics of each tube were 
plotted and an average slope resistance estimated for each 
over its working range. In the case of the barretter, several 
minutes are required for thermal equilibrium to be estab- 


Eee ee) ee (1) _ lished after a change of operating conditions, and so the 

= slope resistance offered to sudden changes is less than that 
Pee EE ETI «+405 ~+4~- (2) obtained from the static characteristic, which represents 

Ro = Rera[(R + 1a) esse eee eee eens (3) the resistance to slow changes. In the calculations below, 

~ * South Past Essex Technical College, Dagenham. the instantaneous slope resistance refers to this lower value, 
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and is used because it relates to the most difficult type of 
operating condition. 

The complete circuit is shown in Fig. 1. 

Curves were obtained showing the performance of the 
voltage-regulator tube (a) with a suitable value of series 
resistance, (b) with the barretter, the load being approxi- 
mately the same in either case. The power supply was a 
rectifier unit of normal design, giving about 400 volts p.c. 
on load; the voltage was reduced when required by means 
of a variac in the mains supply. The curves obtained are 
shown in Fig. 2, where the advantage of the barretter cir- 
cuit is evident. With the barretter in circuit, the voltage 
changes being measured were only about 1 per cent of 
the output voltage, and in order to increase the accuracy 
of the measurement the change in voltage (consequent on 
a sudden change in the D.c. supply voltage) was observed 
directly by comparing the output voltage with a nominally 
equal voltage obtained from dry batteries. Changes of 0-1V 
could then be observed. Table 1 shows the results of such 
observations. 


























TABLE 1 
LOAD RESISTANCE 22202 1880Q 16302 
LOAD CURRENT (I;) 97mA 113mA 130mA 
RANGE OF J, 70-60mA | 55-45mA | 40-30mA 
Change in V, for 80V 
change in Vz 
Instantaneous ar 1:8V 1:8V 1:1V 
over 30sec. a 1:5V 1-4V 0-8V 
over 2min. .. ee 1-2V 1-:0V 0-:2V 
to new equilibrium .. 08V | O4V | 02V 








The change in output voltage was measured for a given 
sudden change in supply voltage, the values being observed 
at various times from the instant of altering the supply 
voltage. Different values of load resistance were taken, as 
shown, in order to operate the voltage-regulator tube on 
different portions of its characteristic, and variations in 
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Fig. 1. The complete circuit 


the slope of this characteristic account for the different 
results in the three columns of Table 1. It can be seen 
that, on the more favourable parts of the characteristic, 
and for slow variations of supply voltage, the constancy 
of the output is as good as could be expected from a 
voltage-regulator tube under conditions of constant input 
voltage. The performance of the circuit for smaller changes 
in supply voltage (20-30 volts) was checked; the changes 
in output were proportionately smaller than those in 
Table 1, and the stability (even for rapid variations in V.) 
was approaching the ultimate stability of the voltage- 
regulator tube itself. 

From the tube characteristics plotted (not shown here), 
the slope resistance r, of the STV280/80 was estimated at 
140 ohms (for the three gaps used), and the slope resistance 
R’ (to instantaneous changes) of the 161 at 7000 ohms 
(to slow variations it was as high as 20000 ohms), com- 
pared to its maximum ohmic resistance of 1060 ohms. 
This same value of series resistance R = 1060 ohms was 
used with the STV280/80 to obtain curve (1) of Fig. 2. 
Using these values of r,, R and R’, values of the stabiliza- 
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tion ratio § and range regulation factor Q were calculated 
for the two circuits, the results being shown in Table 2, 
together with values of S obtained from the experimental 
curves in Fig. 2. The agreement between calculated and 
experimental values is as close as can be expected in view 
of the degree of approximation in estimating ra and R’. The 
improvement in stabilization (even to rapid changes) given 
by the use of the barretter is at least 5:1. The increase in the 
range of supply voltages over which regulation is obtained, 


TABLE 2 




















CIRCUIT SERIES RESISTOR BARRETTER 
S (calculated—egn. (1)) 9 55 
S (Measured—Fig. 2) 8 (curve 1) 44 (curve 3) 
Q (calculated—egn. (2)) 1260 ohms 7000 ohms 











suggested by the values of Q in Table 2, is not realized 
in practice with these particular tube types. For the 
STV280/80 the permissible current range (/,—J,) is 60mA, 
giving a range of 76 volts with the conventional circuit, 
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Fig. 2. Performance of STV280/80 


(1) With Rs ="1 060Q and Rut = 2 200Q, (2) (3) and (4) with barretter 
and Ru = 2 220Q, 1 880Q and 1 630Q respectively 





using 1 060 ohms; with the 161 the range is only increased 
to about 90 volts, as the barretter itself cannot handle 
larger changes in voltage. 


Conclusion 


For trifling extra cost, the circuit described improves the 
performance of a voltage-regulator tube stabilizer by a 
significant amount, and with careful choice of operating 
points the irregularities in the burning voltage of the 
voltage-regulator tube can become the limiting factor. The 
circuit is most useful when the load current is relatively 
high; for lower values of load current than match a con- 
venient barretter, a bleeder would be necessary. In any 
case, of course, permissible variations in the load current 
are restricted within a range equal to the range which can 
be accommodated by the voltage-regulator tube unless an 
adjustable bleeder is used, and the internal resistance of 
the complete stabilizer cannot be lower than the slope 
resistance of the voltage-regulator tube itself. 
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NETWORK ANALYSIS 
By Repeated Voltage Superposition 


By J. E. Parton*, B.Sc., Ph.D., M.LE.E., A.M.I.Mech.E 


| the solution of electrical network problems, many 
methods have been evolved since the original statement 
of Ohm’s law.' Kirchhoff’s two rules? embodied the idea 
of current continuity and Ohm’s law in forms quite con- 
venient for solving networks by the branch-current 
method. This method seeks the current in each of the B 
branches of a network and requires the solution of B 
simultaneous equations. Maxwell*, by the use of currents 
circulating round individual meshes, cut down the number 
of simultaneous equations to M, the least number of 
meshes required to specify the network. More recently 
its dual system, that of node potentialst has come into 
prominence and the field in which it has superiority over 
the mesh-current method is becoming known. It requires 
the solution of N’ simultaneous equations, N’ being the 
number of independent nodes in the network; (for the 
meaning of the term “independent node” see the para- 
graph including Equation 3). Lastly, the matrix methods 
of Kron°®* are coming into use, not because they have 
reduced the number of simultaneous equations to be 
solved, but because they have systematized the problem: 
they allow whole groups of relations to be handled with 
facility, and they can readily deal with networks having 
branches mutually coupled. There is the same computa- 
tional work involved in the evaluation of inverse matrices 
as previously occurred in the older methods. 

In addition to the development of these general methods 
of attack, which enable the complete voltage and current 
distributions throughout the network to be calculated, 
there have arisen many circuit theorems which enable par- 
ticular problems to be solved with the minimum of com- 
putational labour. The commoner of these theorems’ are 
Thévenin (Helmholtz), Superposition, Reciprocity, Delta- 
star and Star-delta transformations etc. 

When Thévenin’s theorem is first seen applied to such 
a problem as that of the unbalanced Wheatstone bridge, 
the impression is gained that the previously used mesh- 
currents or none-potentials, and simultaneous equations, 
have been replaced by the use of simple calculations requir- 
ing nothing more elaborate than a knowledge of Ohm’s 
law and how to combine impedances in series and parallel. 
This is a false impression, however, and when Thévenin’s 
theorem is applied to more complicated networks, it be- 
comes evident that by its use an M-meshed problem is 
simply replaced by one with (M — 1) meshes, the current in 
the last branch having been prevented from flowing by 
open-circuiting it, or alternatively by inserting a generator 
of just sufficient voltage in the branch. A single applica- 
tion of Thévenin’s theorem is not of very great benefit 
therefore, and the question naturally arises as to whether 
it is possible to apply it repeatedly to a multi-meshed cir- 
cuit so as to reduce the complexity to manageable bounds, 
thus avoiding the solution of large numbers of simul- 
taneous equations, the evaluation of determinants or of 
inverse matrices. 

The first difficulty is in the choice of the positions for 
the generators to prevent the flow of current in a sufficient 
number of branches, and it was in solving this difficulty 
that the method to be described here arose. Having found 
the branches in which to put the generators, and the mag- 
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nitudes of their voltages, then the actual network con- 
ditions can be approached by letting one of these 
generators at a time, with its voltage reversed in direction, 
act on the remaining quiescent circuit. Finally by the 
Superposition theorem, all individual effects are combined 
to get the actual current and voltage distributions required. 

After having used the method successfully for some con- 
siderable time, a search of the literature was made and this 
revealed that Tasny-Tschiassny* had in 1948 described a 
somewhat similar process. His method differs from the 
method to be described here in some details; for instance, 
instead of using “ residual * voltage-generators in the final 
branches, he uses residual current-generators at the final 
nodes, and his arbitrary choices of current are not made 
in the manner used here. The “table of operations” he 
uses can be compared to the use of the diagrams of the 
superposed networks advocated here. Finally, Rogers* has 
in part used the same idea but restricts its use to simple 
* chains ” or “ ladders.” 


Topological Relations in Networks 
The fundamental relation between branches B, meshes 
M and nodes N in any circuit is 
Be BA os eee Sasaki (1) 


This relation has been referred to by Humphrey Davies" 
as Euler’s theorem''; this latter theorem, however, relates 
to the faces, edges and vertices of a solid body and uses 
Equation (1) only as a step in the proof; Equation (1) pos- 
sibly dates before Euler. A simple proof of Equation (1) 
has been given by Whitehead'*, and a more rigorous proof 
has recently been advanced by Synge”. 


For § separate networks considered as one related net- 
work Equation (1) becomes modified to 
oh hee PR i See ee (2) 


In any electrically insulated network, one point can always 
be connected to earth, and if any one of the nodes is so 
chosen for earthing, there will be (N — 1) “ independent 
nodes ” whose potentials are to be determined. If there 
are S sub-networks, one node in each can be earthed, leav- 
ing N’ (= N — S) independent nodes, so that generally 
PS TES. dae aR ear (3) 
relating the meshes, branches and independent nodes. 


Whitehead'’ also discusses the formation and properties 
of what are called “ basic” networks; in these each of the 
nodes are formed by the junction of three and only three 
branches. All networks can be reduced to this basic con- 
dition by the process of opening nodes and inserting links 
of zero impedance. With such networks it is obvious that 

2B = 3N (4) 
Whitehead shows how to produce networks of M meshes 
from those having (M — 1) meshes. The study of these 
basic networks reveals the field of usefulness of the mesh- 
current and the node-potential methods. For example. 
combining Equations (2) and (4), we have for basic net- 
works 


M —(3/2)N —-N+S=N/2+5 ...... (5) 
The number of nodes must be even, and except for the 
cases where N is 2 or 4 and S is 1, the number of meshes 
is always less than the number of independent nodes. In 
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general, therefore, the mesh-current method will be pre- 
terable for basic networks, and the node-potentials method 
can only be advantageous in non-basic networks in which 
there are several nodes formed by more than three branches. 

We shall return to these topological relations after the 
proposed method has been illustrated by a few typical 
examples. 


lilustrative Example 


Consider Fig. 1(a). This is a planar net of 3 meshes in 
which all the nodes are basic, each being the junction point 
of three branches. In mesh 1} is a generator of voltage 
E and suppose the immediate problem is to calculate the 
current from the generator. Calling the area external to 
the network, mesh O, then the self impedances round the 
meshes are 

Zi, Livy a Zi2 + Zys 

Loo = Live T Liv a Lo: 

Zeek aa eae 
The two subscripts indicate the meshes to which the im- 
pedance is common. 

Suppose some generator of voltage E, to be supplying 
the current i, to the network. It is convenient to regard 
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Fig. 1. Theoretical illustration of method 


i, as 1 unit (or 1 ampere) while the currents are being 
inserted in the “i,-network” of Fig. 1(b), remembering 
that all the values so found must be multiplied by i, 
finally. At node A the current would divide along the 
branches AB, AC in some fashion not immediately ascer- 
tainable. Suppose the current in branch AC to be zero, 
so that the current AB is also 1 unit. There will be some 
conditions which can be applied to the network which 
would in fact force the current in AC to be zero; continuing 
through the network these conditions will emerge. If the 
current in AC is zero, then nodes A and C are at the same 
potential, and a current must flow from C to B 
icp = (Wan/Z23) = (Z2o/ Ze) 
This current must also flow from D to C. From B to D 
the total current must therefore be 
inp = 1 + Zo9/Zos 

The current relations are now satisfied, but the voltage 
relations in mesh 3 are not. A source of voltage V, must 
be included in this mesh, and applying Kirchoff’s mesh rule 
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to mesh 3 gives the relation 
(V,/i,) a5 (Z3; - £26 /Zzs) + Zse 

All of these relations and quantities can be indicated 
in the ij-network as the simple calculations proceed. 

For mesh | a relation for the required voltage E, can be 
found; it is 

(E, /i,) as Lis (Z,, . Z29/ £23) 

Returning to branch AC, in which no current flows under 
the conditions of Fig. 1(b), in actual fact there will be 
some current, conveniently called i,, and it is the purpose 
of Fig. 1(c), the “i,-network”’, to determine the voltage 
conditions which will give rise to the current i, in branch 
AC. 

Suppose that the generator in mesh 1 is now replaced by 
one of voltage E.,, the value of which is just sufficient to 
prevent the flow of current in the supply branch AD in 
the i,-network. In proceeding through the i,-network, it 
is again convenient to start with a current of 1 unit in 
branch AC, remembering that all the branch current values 
found must ultimately be multiplied by i,. These current 
values are found in the same way as before. Finally to 
satisfy Kirchhoff’s mesh-rule, a voltage source V, must 
be included in mesh 3 and this must be sited in the same 
branch as the first source ¥V,. Hence for mesh 3 


(V./i.) = (Zoo + Zi2(Zs3/Zes) + (Zss — Zos) 


Likewise for the mesh-1 generator, the voltage prevent- 
ing the flow of current in branch AD is obtained from 


(E,/i.) = (2,2 + Zy3) + (foo + Z12(Zi3/Z2s) 


All that remains now is to superpose the i,- and i,-net- 
works to produce the combined conditions in the original 
problem, Fig. 1(a). From this it is clear that the voltages 
in mesh 1 E, and E., must produce the supply voltage 
E; in mesh 3, the two voltages, V, and V., must cancel. 
As the voltages V, and V. have the opposite polarity, their 
magnitudes can be equated; this yields an equation for i, 
in terms of i,, thus 

(i. /i,) Z26 ° Zs + Zoo ° Zo aly Llys + LryLon 

_— (Zao Los)La3+(Z 3 Lox)Z23 Lusty 7 eg 

For the supply voltage E, as the polarities of E, and 
E, are the same, E = E, + E.: thus, using the relation 
above 

(E/i,) = (E, /i,) + (E, /i,)(i, ‘i,) 
= (Z,, ZoL13/ £25) t (i, fi, [I(Z,2+Z,5) “i 
(Za T BinZi5/ Zea) 


After some manipulation, Equation (6) expressing i, in 
terms of E and known impedances can be obtained. 
(i, /E) = 
(Zo.Z4,—Zoa ) 
(21202233 - Lilie ) - 22 :2LosZsi £32233 y rey 
“a 6) 


In order to check the accuracy of this result, the net- 
work can be solved by any of the other more usual 
methods. As this is a basic network, it is more suited to 
the mesh-current method. Using a,, a, a; (to avoid con- 
fusion with the previous currents) as the mesh currents in 
meshes 1, 2 and 3 respectively, then in matrix notation 


Zi Zi0 —Zy; [ a, E 
| Ze Las Z| le: | = 0 
x Zs) Z, Zs as 0 


23 
from which 


a -j, = [\Z ) | £29 235 

P . - | Zo, Zs3 

and this agrees with the previous analysis, as can be showh 
by expanding the determinants. 

From the foregoing it might be wrongly concluded that 

the proposed method had no advantages over the more 

familiar ones. Its advantages are not well exhibited by 
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such a theoretical case; even so, the evaluation of the third 
order determinant |Z| has been avoided, the computation 
having been carried through by easy, obvious stages. When 
numerical values are given to the impedances, the advan- 
tages become more apparent, and a few such networks 
will now be examined. 


Numerical Examples 


These have been chosen to illustrate particular aspects 
of the method. 


NETWORK OF 15 ONE-OHM RESISTORS 

Fig. 2(a) shows a network in which all of the resistors 
shown are of value 122. It is required to find the resistance 
measured between the input nodes AG. 


Connect a 
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the current through it also 3 units. Proceeding in this 
fashion round the network, the sustaining voltage required 
in the final mesh is 


Similarly the voltage required in the supply branch to 
prevent the flow of current there is 


E, = (2 + 15 +2 x 56)i, — V. = —192i, 


Now on superposing the two networks, the voltages 

V, and V, must cancel so that 
i. = (141/321) = (47/107) A 

The driving voltage E is now obtained by summing EL, 
and E., giving 

E=E, +E,=87—192x (47/107)=(285/107)=2-6636V 
and since this voltage causes a current of 1A to flow into 
the input terminals, it is also numerically equal to the re- 
quired input resistance. 

The result can be checked by any of the usual methods; 
for instance using delta-star and star-delta transformations. 
In doing so the ease with which the result has been found 
by the above method will be readily appreciated. 

A further observation can be made at this stage. There 
is in fact no need to determine the individual values 
E,, E, etc. to find the supply voltage E. This can be done 
by applying Kirchhoff’s mesh-rule, after the component 
networks have been superposed. For instance, after super- 
posing the i,- and i,-networks of Fig. 2, from the outer 


mesh, 
E = (14+4+7+475) — (14+8+15+168)i, 
== (285/107) volts 
as before. This method will be followed in later examples. 
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Fig. 3. Network of eighteen one-ohm resistors 


generator supplying a direct current of 1A to the input 
terminals AG, and find the required voltage E to sustain 
it. The value of E will be numerically equal to the input 
resistance measured across AG. 

In the i,-network (Fig. 2(a)) supposing a 1A-current 
flowing into the node A, at A the first indeterminacy occurs. 
Let the current in branch AC be zero; then the voltage 
drop Vaz is 1V and so must be V cx; hence Jcz is also 1A. 
Proceeding in the same manner /gp is 2A and Vcp = 1 + 
2+2=5V. Therefore the current Jcp is 5A, and so on. 

In the final mesh a source of voltage V, is required to 
maintain the currents, and applying Kirchhoff’s mesh-rule 


V, = 25x3 + 24x2 + 18 = 141 


Similarly, in mesh 1, the voltage required to inject 1A 
into the network, is obtained by applying Kirchhoff’s mesh- 
rule 
E, = V, — 24x2 — 6x1 = 87 
Now turning to the i,-network (Fig. 2(b)), taking the 
supply current as zero and the current in the branch AC 
as 1 unit, the p.p. across branch BC must be 3 units and 
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NETWORK OF 18 ONE-OHM RESISTORS 

Fig. 3 is another network composed of square meshes 
having 1 resistors as the sides of the squares. Suppose 
the current distribution for a 10V D.c. supply across the 
terminals AH is required. Let a generator of voltage E, 
be first considered as supplying unit current (i,) to the 
input of the i,-network, Fig. 3(a). Choose the current in 
AB to be zero, giving Isc = Jac = 1 unit. Next choose 
Ipz = O giving the rest of the currents, and requiring two 
fictitious balancing generators, V,, and V,, of (43/2) and 
5 units respectively in the branches shown. 

In the i,-network (Fig. 3(b)), starting with Jaz = 1 unit 
(i,) continue as before, again choosing /zzn = 0. Again two 
generators V.,, V,. are required and these must be sited in 
the same branches as the previous pair. 

Repeat for the i,-network, starting this time with Jpz = 
1 unit (i,) and obtained the distribution shown in Fig. 
3(c) in which a further pair of generators are required, 
V;,, Vs2. The balancing generators in the supply branch, 
E, and E, are not shown. 

Finally, superposing the three component networks, the 
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balancing voltages in branches DJ and GJ must cancel; a 
third relation is obtained by applying Kirchhoff’s mesh-rule 
to the supply mesh after the networks are superposed. 
These three equations are 
86i, — 240i, + 31i, = 0 
Si, — 31i, + 15i, = 0 
a + 21, + 5/41, = E = 10V 
Solving these for the three currents, either by elimina- 
tion or by determinants, yields 
i, = (13195/2711) = 4°8672A 
i. = (5675/2711) = 2:0933A 
is = (7330/2711) = 2°7038A 
From these values, the current in any branch can be found. 
For instance suppose the current in branch DJ is required, 
from the individual networks we have 


Ips = 61, — 15%, + 1i, = (1375/2711) = 0°5072A 


Theoretical Examples 


The method is not limited to numerical examples but 
can also be applied to theoretical studies. As illustrations, 
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Fig. 4. Anderson bridge 


the Anderson bridge, and parallel-T networks will be con- 
sidered. 


ANDERSON BRIDGE™ 

Fig. 4(a) shows the usual arrangement of impedances, 
the suffixes corresponding to those used by Hague; for con- 
venience, this has been re-drawn as in Fig. 4(b). 

Suppose first that the bridge balance conditions only 
are required. Then, following the procedure already laid 
down, in the i,-network, no current is allowed to flow in Z, 
and Z,; in the i,-network no current is allowed in the supply 
and in Z,. For the simple bridge-balance conditions, the 
i,-network is not required, and from the diagrams, the 
four balancing voltages are 


Vii = i,(Z.—Z,Z,/Z,] 

Vi» = i,(Z,/Z,)[Z; +Z,+Z,] 

Vay _ i.[Z,-—Z,Z;/Z,.—Z,Z;/Z,] 

V2. = i,[(Z,/Z,(Z, + Z,.4+Z;)+(Z,/Z.(Z, +Z;+Z;)+Z,] 


On superposing, these voltages must cancel, i.e. 
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Vi, = V2, and V,, = Vi». 
in i, and i,. Thus 

(i, /i,)= {1 -Z,Z,|(Z.Z, -Z,Z;)] from Vi =V,, ‘ 

(i, /i.)=[1 + Z,/Z, +Z,Z./Z,(Z;+Z,+Z;)] from V,, = V2. 
Hence equating 

Z,2,/(Z,2, —Z,Z,.)=Z,/Z, + Z;26/Z,(Z; +Z, +Z;) 
is the balance condition and this can readily be rearranged 
to give Hague’s Equation (9)*° 

ZA(Z,Z; —Z22,) —_ ZA(Z,Z4+Z,Z,+ ZZ) 

Suppose next that the out-of-balance current i, (in the 
detector Z,) is required for an input current of 1 ampere. 
The i,-network, Fig. 4(d) is now also required. In this 
network there is no current allowed to flow from the supply, 
and no currents in the impedances Z, and Z,._ From Fig. 
4(d), the further two balancing voltages are 

Vai ai i,[(Z, +Z, + Z;) + Z;Z;/Z6) 
V32 = i,((Z;/Z.)(Z; 5 Ze + Z,) + Z;) 
On superposing the three networks, the conditions are 
Vii — Va — Vai = 0 
Vi, — Vo. + Vs. = 0 
From these equations and inserting the value i, = 1A, and 
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Fig. 5. Parallel-T network 


rearranging, the pair of simultaneous equations become 
i,[Z.Z, ae Z(Z, +Z, )] a i,[Z,(Z. + Z; +. Z,)+ 2.27) 
= Zale = Laks 
i,[Z,Z, +o (Z, + Z,(Z; = 8 Z. +Z,)] —i,(Z,(Z, + Z. = Z.)+ Z.Z:} 
= Z(Z; +Z,+Z,;) 
From these the detector current i, for a 1A supply current 
can be obtained by eliminating the unwanted current i,. 


PARALLEL-T NETWORK 

As a final example, consider the parallel-T network 
which Tasny-Tschiassny’® has treated by current residuals 
and a tabular process. 

Fig. 5(a) shows the usual components, and these are 
generalized in Fig. 5(b). Three pairs of generators are 
found necessary, these being inserted in the branches having 
the impedances Z,, Z,. Fig. 5(b, c and d) give the current 
values for the i,-, i,-, i,-networks respectively. 

Suppose it is required first to find the balance conditions, 
for which i, = 0, and next to find the output/input voltage 
ratio or transfer function when the network is unbalanced. 

From the networks of Fig. 5, to determine the unknown 
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currents i,, i., i,, the six injected voltages are 
Vi = i,[Z,/(Z, +Z,)(Z,+Z;) 
v2 = ,(Z,+2Z.Z,/(Z.+Z3)—-Z3Z;/(Z.+Z;)] 
21Z;Z,/ (Z, +Z;) a 2.2; / (Z, +Z;)] 
22 i.[Z,+Z,+(Z,+Z,)Z./(Z.+Z;)] 
31 = iz, +Z,+Z:)+(Z,.+2Z,)Z,/(Z.+Z,)] 
x2 = §0(Z, + Z,)Z,/(Z2+Z;,)+Z,] 
For balance conditions only the first four of these equa- 
tions are required, and on superposing the networks, the 
conditions are V,, = V., and V,. = V.. which give 
i, Z(Z,+Z;) = i,(Z,Z, - Z.Z;) 
i(Z,(Z.+Z,)+Z-Z; —Z,Z;] = 
i,[(Z.+Z,(Z, +Z,)+Z(Z,+Z;)] 
From these, eliminating i, and i, and rearranging gives 

Z,2(2.2,+2Z;,2,+2Z.2,+Z5Z;)4 

LAAL bet Lils te, +2 tet.) 

+Z.24AZ,2+ +Z,Z; T ZL) = 0 
Into this equation, the actual values of the impedances 
Zn ...Z, are mext inserted; then equating reals and 
imaginaries separately to zero gives two equations 

X,X;(X,X.—R,R, —R.R;)+R;(R,R, —X,X; —X,X,)=0 

R,X,(X,X,. — R,R, —R.R;,)+ RsX(R,R,—X,X, —X.X,j=0 
Both of these equations will be satisfied when 

X,X, = R,(R, + R.) 

ints = AAA, +X,) 
Notice that this last pair of equations are perfectly sym- 
metrical; both must be satisfied to give a null. 

For the general unbalanced twin-T, the six-voltage equa- 
tions must be used, and on superposing, the conditions 
_ Vin V;, V3; =0 

V,. — V.. + V;. =0 
Multiplying throughout by (Z, 
in the three unknowns 
i,Z,(Z,.+Z;) —i.(Z:Z,—Z.Z;) 
-i,((Z,+2Z,+Z:\(Z.+Z3)+Z(Z,+Z,;)J=0 
i,(Z,(Z.+Z,)+Z,(Z.—Z-)] 
i(Z,+Z2 NZ. +Z,)+ZAZ,+Z,)) 
a LIZAZ, +Z,;) t CALs +Z,)]=0 
_ From the networks of Fig. 5 the output voltage will be 
i,Z, and the input voltage will be obtained by applying 
Kirchhoff’s mesh-rule to one of the input meshes, say round 
ABE, after the three networks have been superposed. Thus 
the transfer function is 
Vout _ AZ, ; 
Vin (i, —i,)[Z, + Z.Z3/(Z.+Z;)]+i;Z;Z,/(Z.+Z,) 
By solving the previous pair of simultaneous equations to 
give say i, and i, in terms of i;, and then substituting these 
values in the voltage-ratio equation, the currents can be 
eliminated leaving the transfer function (Vout/ Vin) expressed 
solely in terms of the impedances. 

It is interesting to note that in this example, by choosing 
the impedances to carry the zero and_ unit-currents 
differently from the foregoing, the problem could have been 
solved without the use of an i,-network. For example to 
do this: in the i,-network, is4g=i, =1, ice =O, the current in 
DA can then be calculated and the residual voltage is sited 
in the branch DE. In the i.-network, ian = 0, ick = 1, and 
currents are now required in DA and in the source AE. 
Due to the fact that the supply current is now a linear 
combination of the unknown currents i, and i., simplicity 
has been sacrificed; there appears to be no saving in com- 
putational labour. 


General Remarks on the Method 


-In the example of Fig. 1 it was only necessary to put 
one fictitious generator in the i,-network. As the network 


tt 


21 


feed 


+ Z,) gives two equations 
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complexity increased, it was seen necessary to add more 
generators in different branches of the i,-network. If G 
generators are needed in the i,-network, then in general 
there will eventually be (G + 1) networks to superimpose 
and involving (G + 1) unknowns, i,j, ... igigs:. 

Thus to determine the G currents, i,...ig,,, in terms of 
say i, the current from the supply, there will be G simul- 
taneous equations to solve, and if need be these can be 
related back to the,supply voltage by applying Kirchhoff’s 
mesh-rule to the supply mesh. 

The merit of the method lies in the fact that G is usually 
much less than the number of meshes M and less than 
the number of independent nodes N’. 

So far, no general relation between G and M,N’,B has 
been discovered. From the examples given here, and from 
others, as a rough working rule the following may be used. 
If a planar network can be considered as comprising m x 1 
meshes, i.e. m meshes in the X-direction and n meshes in 
the Y-direction, then G will usually be equal to the smaller 
of the integers m and n. Of course many networks cannot 
be so classified and it appears difficult to generalise about 
them. 

For the examples solved here, we can summarize 


M  * G 
Fig. 1 3 3 6 
Fig. 2 5 . # | 
Fig. 3 7 8 15 2 
Fig. 4 4 4 8 2 
Fig. 5 4 4 8 2 


It is evident from this summary that the great advantage 
of this method is that the number of simultaneous equa- 
tions to solve, G, is always very much less than those re- 
quired in methods employing branch-currents (B), mesh- 
currents (M) or node-potentials (N’). It is, however, 
important to realize that the evaluation of high-order deter- 
minants or of inverse-matrices has not been avoided com- 
pletely, the order has simply been depressed to G, the 
saving being at the expense of creating subsidiary networks 
with additional generators, the computational labour in- 
volved in these component networks being lengthy but 
very simple, requiring nothing more than a use of Ohm's 
law and Kirchhoff’s two rules. 

Finally, Tasny-Tschiassny gives some theoretical treat- 
ment of the number of unknowns to be expected by his 
dual process in comparison with the mesh-current and node- 
potential methods. He concludes that if the original circuit 
has few generators (all the examples here had only a single 
generator), then the use of the “ chain-relaxation ” method 
will be an advantage. 
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Diode Valve Voltmeter Errors 


By G. D. Morgan*, Ph.D. 


IODE valve voltmeters have been used for the measure- 

ment of alternating potentials of from the order of a 
volt to several kilovolts, and for a frequency range extend- 
ing up to a few hundreds of megacycles a_ second. 
Optimistic estimates of the degrees of accuracy of such 
instruments are sometimes made, and it is well to consider 
the magnitudes of the errors which may be involved. 

The basic circuit is shown in Fig. 1. A reservoir capacitor 
C is charged by the rectified current through the diode to 
the peak voltage of the source under measurement. The 
steady potential developed across the capacitor is then 
measured with a D.c. voltmeter of high input resistance (R) 
so that very little power is drawn from the source. The volt- 
meter may be of the direct indicating type (generally a 
microammeter in series with a resistor, or an electrostatic 
voltmeter) or it may be a potentiometer arrangement. 
Owing to the imperfect nature of the components the steady 
voltage is not exactly equal to the peak of the applied 
voltage and the instrument is generally calibrated at a low 
frequency (50c/s) by comparison with a dynamometer 
instrument (correct to 0°25 per cent). However, other errors 
depend upon the frequency and may assume considerable 
magnitudes at frequencies of the order of 100Mc/s. It is 
not possible to calculate these 
errors accurately and the normal —4 J 
procedure is to design the appara- | C= <f 
tus so that they are reduced below © 
the tolerable limit. 

The author has used, over a A 
period of years, a voltmeter of this i ee 
type with a VR78 (Mazda D.1) one 
diode. The resonant frequency of the valve and other 
characteristics which determine the accuracy of the instru- 
ment have been measured and the results are given in the 
following discussion. 








Limiting Values of Capacitor (C) 

The reservoir capacitor charges during part of the cycle 
via the valve and discharges continuously via R, so that 
the voltage at the cathode has a superimposed ripple at 
the source frequency. There is always a resistance, if only 
due to leakage, in parallel with C, which should be a high 
quality capacitor. The resistance may be found from the 
rate of discharge of the capacitor, for the time tsec for the 
voltage to fall from V, to V, is given by 


f= 2S RC Magi V1 go. ccnccveess (1) 


where R and C are in ohms and farads. For accuracy the 
fall during a cycle of the applied voltage should be of 
negligible amount. From (1) the value of C required so 
that the drop is 0°1 per cent per cycle is given very nearly by 


GC Gee haved ss flex kcasnws (2) 


where f is in Mc/s and R in MQ); e.g. if R is 1MQ (moving- 
coil voltmeter) and f is 10Mc/s then C must be 100pF, 
and 1000pF at 1Mc/s. Similarly, when calibrating the 
instrument at 50c/s C must be increased to 20uF. 

For measurements at high frequencies it is necessary to 
use a physically small valve and on this account the cathode 
emission is generally small. Thus C should not be too large 
otherwise the charging time is long and the voltmeter will 
not follow rapid changes of the peak applied voltage. If 
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the maximum emission current is ImA then the time taken 
to increase the P.D. across a capacitor CpF by V volts is 
C.V/100.Jusec. This effect would be important if a wave- 
form of rapidly increasing amplitude were being examined 
with a cathode-ray oscilloscope across C. 


Charging Error 

In addition to the error due to the charge leaking away 
through R there is a further error due to the fact that the 
capacitor has to charge via the diode which is equivalent 
to a resistor. The result is that the voltage across the 
capacitor lags behind the applied voltage and due to the 
leakage it starts the next cycle at a lower value than the 
peak attained. In the equilibrium state C charges to a 
fraction k of the peak of the applied voltage Vcos2z/ft and 
by equating the charge received during the conducting 
period to that lost by leakage over the whole period it can 


be shown! that 
(1—k) = 2:2(R,/R)? 


where R, is the resistance of the valve. Ra will vary with 
the voltage between the electrodes, i.e., the (7/V) charac- 
teristic will not be linear. However, since k will be very 
nearly unity the voltage across the diode during the con- 
ducting period will be small, so that the value of R, as 
V > 0 is the one required. As a reasonable approximation 
R, is the value of the differential resistance at a voltage 
equal to half the permissible voltage error; e.g. if the error 
is 0°5 per cent then R, is the value at 1/400 of the voltage 
to be measured. For a VR78 valve (Mazda D.1) Ra is 
about 500 ohms so that for the error to be <0°5 per cent 
R must be >5MQ. The error depends to some extent on 
the voltage being measured in so far as R, varies with the 
anode to cathode voltage. The effect is not serious, how- 
ever, as it is independent of the frequency and is eliminated 
by a low frequency calibration. 


Valve Characteristic Effect 


Because the electrons leave the cathode with finite 
velocities and also due to the contact potential between the 
electrodes (of different materials) the diode characteristic, 
for small V, is 

l=aV,+vy 

where a and n are constants and the two factors are in- 
cluded in the small voltage V,. When the applied voltage 
is zero C will charge to nearly V, to give a constant positive 
error. For a VR78 valve it is found that the latter varies 
from 0-5 to 0-7 volts (with R 1MQ and 5MQ. respectively 
and with the anode and earth connected). A 5 per cent 
reduction of the heater current results in a 15 per cent 
drop in this voltage. The effect is most serious when low 
voltages are being measured, but it can be eliminated by 
a low frequency calibration. However, the effect varies 
with the ageing of the valve so that the calibration should 
be checked at intervals. 


Transit Time Error 


On account of its mass an electron takes a finite time to 
pass from the cathode to the anode, and consequently a 
fraction of the electrons emitted (i.e. the later ones) will 
fail to reach the anode before the field reverses. On this 
account the capacitor will not charge to the peak voltage 
and the discrepancy will be greater at higher frequencies. 
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No electrons leave the cathode until the instant at which 
the anode voltage equals that across the capacitor. For a 
short interval after this electrons move to the anode in 
the small field. If any electrons reach the anode the 
capacitor voltage rises and during the next cycle the excess 
anode voltage is less. In the steady state the first electrons 
emitted just fail to reach the anode. Assuming that these 
electrons are not influenced by space charge and that the 
field is uniform, Fortescue? has shown that the percentage 
error is given by 34(2zf)T, where T = 2d/[2V(e/m)}* is the 
transit time corresponding to a steady voltage V (peak 
applied volts) between the electrodes d centimetres apart. 
This may be written in terms of fMc/s, dem and V volts as 


percentage error = 72f.d/V' ............ (3) 


For a 955 acorn valve (grid and anode connected) 
Nergaard® gives the error as AV = 30V?/A, where X is the 
wavelength in cm. If this is put into the form of Equation 
(3), assuming d = 0°0135cm, then the numerical factor is 
found to be 7-4. 

Megaw’ points out that for parallel plane electrodes with 
maximum space charge the transit time (and hence the 
error) is 1°5 times that for the simple case, and for cylindri- 
cal electrodes with extremely small cathode and no space 
charge 0-5 times. The value of the numerical factor may 
be determined experimentally by comparing results 
obtained with diodes with different electrode spacings. 
Using a special diode with cylindrical electrodes having a 
spacing of 0-:008cm (anode diameter 0°023cm) Nergaard* 
gives the error as AV = 7-5V?/X. Put into the form of 
Equation (3) the numerical factor is 3:2. For diodes each 
with a hairpin-shaped filament below a_ hemispherical 
anode and with electrode spacings of from 0-13 to 2°14mm, 
Megaw’' finds the numerical factor to be 11-6. As a general 
criterion he suggests that the error is <1 per cent if f.d/V? 
<O'1. It is seen that the error is dependent upon the 
frequency and the voltage being measured, and will be 
considerable at low voltages. For a VR78 d is 0-:015cm 
(anode diameter 0°15cm) so that at 100Mc/s the error is 
less than 1 per cent provided V is greater than 225 volts; 
it is 3 per cent at 25 volts and nearly 7 per cent at 5 volts. 
For valves designed for use at greater voltages the electrode 
spacing may be a few millimetres and hence the errors will 
be proportionally greater, i.e., about 20 times those quoted 
for the VR78, under similar conditions. 


Impedance Errors 


These errors are due to the inter-electrode capacitance 
of the valve and the stray capacitance and inductance of 
the leads and connecting wires. 

Owing to its input impedance the valve voltmeter will 
have some effect on the source undergoing measurement, 
so that normally it is desirable to make this impedance 
as large as possible. If R is small compared with the leakage 
resistance between the valve electrodes then ‘the input 
impedance is R/2k’, i.e. very nearly R/2. However, at radio 
frequencies this is generally large compared with the 
reactive component due to the diode and stray capacitances. 


VOLTAGE DIVIDING ACTION 

The H.F. voltage is applied to the reservoir capacitor C 
and the diode capacitance C, in series, so that the voltage 
between the electrodes is less than the applied voltage and 
the percentage error is 100 Ca/C, Ca being much less than C. 
This error is not eliminated by a low frequency calibration 
as the reactance of Ca will be large compared with the 
leakage resistance; however, the error will not be accen- 
tuated. For a VR78 (Cq about 2pF) and using a 1000pF 
reservoir capacitor the error will be negligible. 


RESONANCE ERROR 

The leads from the source under measurement will have 
a finite inductance L and together with Ca and the stray 
capacitance of the wiring will form a series resonant circuit. 
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The voltage between the electrodes will then be greater than 

the source voltage, depending upon the nearness of the 

source frequency (f) to the resonant frequency of the circuit 

(f,). When f is remote from f,, so that the resistance of 

ag leads may be neglected, the percentage of error is given 
Lf 


asic, ~} Jor wort 


where Ca includes the stray capacitance. Thus for the error 
- e <1 per cent f must not be greater than 10 per cent 
OL Fr. 

The resonant frequency of a VR78 valve (with the 
cathode and heater connected) has been determined, by 
measuring the resonant frequencies with different lengths 
of shorted transmission lines attached*, and found to be 
nearly 1100Mc/s (Ca = 1:93pF and La = 0°0114H). Hence 
if the diode is used as a valve voltmeter with no added 
leads the resonance error would be less than 1 per cem 
up to about 100Mc/s and just over 3 per cent at 200Mc/s. 
However, if in a practical circuit the added lead inductance 
is, say, 0-OS5uH (3in. of tin. braid) the resonant frequency 
is reduced to 460Mc/s and the error is now within 1 per 
cent only up to 46Mc/s and at 200Mc/s it is 19 per cent. 

The conditions required to reduce the resonance and 
transit time errors are opposed, in that the latter is reduced 
by small inter-electrode spacing whereas the former in- 
creases with the capacitance. The resonance error is difficult 
to calculate, particularly at the higher frequencies when 
it is most important and the inductance and capacitance 
cannot be considered as discrete elements. However, the 
resonance error is positive, i.e. the indicated voltage is 
greater than that of the source and so its effect is to some 
extent reduced by the other errors 
which are in the opposite sense. Sond 


100 


c 
Practical Circuits 


The series diode circuit shown in 7 ae « 
Fig. 1 suffers from a number of . 
disadvantages : — 


(a) The heater circuit (con- 
nected to the cathode) is at a positive potential to earth, 
and the accumulators must be carefully insulated and 
screened; 


(b) There must be a D.c. path for the diode current 
through the source under measurement or, alternatively, 
one must be provided by shunting with a suitable resistor; 
and 


(c) The positive error with zero input will depend upon 
the resistance of the source. 





Fig. 2. The paralle! 
circuit 


These disadvantages can be overcome by using the 
parallel circuit shown in Fig. 2. In this case the capacitor 
charges so that the diode anode is negative with respect 
to earth and the applied waveform is reproduced across 
the D.c. voltmeter but with its mean level suppressed so 
that the positive peaks just reach zero potential, when the 
charge on C is maintained, and the D.c. voltmeter indicates 
the mean level. However, the capacitance of the resistor R 
now shunts that of the valve and so increases the resonance 
error. On this account the resistor must be placed with the 
valve in the probe head and be of a low capacitance type, 
small and not wire-wound. 


Conclusion 
It is seen that the errors may be divided into four classes. 


(1) Errors which are eliminated by a low frequency 
calibration; such as those due to the resistance of the valve, 
the loss of charge through the p.c. voltmeter, and the fact 
that the diode passes current when the applied voltage is 
zero. 


(2) Errors not eliminated by a low frequency calibra- 
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tion but which can be reduced to negligible magnitude by 
suitable design, e.g. the voltage dividing error. 


(3) Errors which are not eliminated by low frequency 
calibration, are not negligible and must be estimated. In 
this case we have the transit time error, which is greater 
at higher frequencies and lower voltages, and also the 
resonance error which increases as the square of the fre- 
quency. The latter cannot be eliminated nor can it be 
calculated with accuracy at the highest frequencies. 

(4) Finally there are those errors which though 
eliminated by calibration may change with time, e.g. that 
determined by the valve (//V) characteristic. 

In addition, there are the errors associated with the D.c. 
voltmeter. A high stability carbon resistor may show per- 


manent changes up to +2 per cent; so that the calibration 
should be checked at intervals. If a direct indicating meter 
is used it should have a long and well graduated scale (e.g. 
6in. with 100 divisions), and preferably should be provided 
with a non-parallax mirror. In this case the position of the 
pointer may be estimated to the nearest 1/5 of a scale 
division, i.e. to 1/2 per cent at half-scale. Similar con- 
siderations apply to the meter used for the low frequency 
calibration. 
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An Electronic Bridge-Balance 


By J. W. Bayliss*, B.Sc., A.M.LE.E. 


} by problem outlined below had to be solved when 
a sensitive industrial metal detector caused great con- 
sternation amongst the factory maintenance staff by its 
continual drift out of adjustment. 

The detector consisted essentially of an R.F. bridge cir- 
cuit followed by a high gain amplifier and detector. In 
Operation it was adjusted by a variable resistor and a 
variable capacitor to give zero output from the amplifier. 
Metal, when placed near a coil forming one arm of the 
bridge, caused a change in the effective inductance and 
resistance of the coil, unbalanced the bridge and indi- 
cated on the detector. ; 

It was thought at first that the drift might be of a cyclic 
nature caused by temperature changes. Tests of the coil 
assembly in an oven showed that this was not so and 
attempts to correct the drift by components of an opposite 
thermal coefficient (e.g., negative temperature capacitors) 
were abandoned. 

Motor-driven variable elements were then suggested, 
but after a few experiments, were abandoned because of 
their complication and expense, in favour of the method 
outlined below. 

The circuit shows a “variable electronic reactance” 
V,, and a “variable electronic resistance” V., controlled 
by phase sensitive detectors V, + V, and V, + V, res- 
pectively. Time delays R,C, and R,,C,; are inserted so 
that the balancing system will respond only to slow 
changes, e.g., thermal effects, and not to a rapid unbalance 
caused by the detection of a metallic body. 

The reference voltage for detector V,V, controlling V, 
is obtained directly from the bridge generator, which must 
be balanced to earth. That for V,V, controlling V, is 
obtained from the generator via C,, Cy, R,;, R,, which 
changes the phase by 90°. Conditions for this are that 
X. = R and C, = C,, R,; = R,s. Conditions for satis- 
factory operation of V, are that Xc, is greater than R., 
say = 5R., and similarly for V., R, = 5R, and Xo: = 
+R,. 


Initial Adjustment 

S, and §, are switched to “Off” and the bridge adjusted 
to balance by R, and C,. A sensitive meter is connected 
between point F and earth, and the phase of the amplifier 
varied if necessary by detuning slightly until the move- 
ment of C, out of the balance position in either direction 
produces no reading on the meter. Movement of R, 





T 
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should give a large reading, positive when moved in one 
direction, negative in the other. When the meter is con- 
nected to G, operation of R, should give no reading and 
of C, a large reading. 

With the bridge balanced close S,. If this causes un- 
balance, reverse connections A and B, open S,, close S,; 
if this causes unbalance, reverse connexions Cc and D. 

Adjustments are now completed and the automatic 
balance control (A.B.c.) may now be tested. Switch on 
S, and S.. Small movements of R, and C, separately or 
together will be cancelled after a time interval and the 
balance restored. 

As the coil assembly developed a permanent change in 
characteristics with time, it was necessary every three 
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Fig. 1. The electronic bridge balance 


months or so to switch off the a.B.c., readjust R, and C, 
to allow for this permanent change, and switch a.B.c. on 
again. Apart from this attention, equipments have been 
in continuous operation for two years. 
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A Combined Timer and 
Cycle Counter 


By P. Huggins*, A.M.Brit.I.R.E. 


HE unit described combines the duty of timer and cycle 

counter, within the range 0-02sec to 2:64sec, the change- 
over from timer to counter being effected by a two-position 
toggle switch. It has some interesting features, including 
an extension of the dekatron technique’. 

The equipment is easy to operate and is similar in 
mechanical design and general appearance to the author’s 
previous cycle counter*. The main feature is the two 
12-position dekatron valves projecting through the facia 
panel. These “ clock up” the time visually as the apparatus 
operates. 


Advantages 
The main advantages of the circuit are as follows: — 





has some connexion with the mains periodicity (e.g. 
resistance welding equipment), but has an adverse effect 
upon the timing accuracy in terms of finite time. However, 
since the electricity supply frequency is considerably more 
consistent than its potential, there is an improvement over 
usual unstabilized timers. 


Circuit 

The circuit uses three valves, but can be considered as 
consisting of five sections: “units” counting dekatron 
stage (V,), amplifier and clipper stage (V2), ‘ dozens” 


counting dekatron stage (V,;), coincidence valve (V.,), 
timing, and reset circuit. 


POWER SUPPLY 

The power supply system is not shown in the diagram, 
but is of conventional design. Metal rectifiers are used 
(bridge for H.T., half-wave for bias), and no stringent 
smoothing requirements arise. The 40V a.c. supply may 
be obtained by a tap on the H.T. winding, or by a resistance 
chain across the complete winding. 


STATIC CONDITIONS 

In the state of rest, relays A and B are both de-energized, 
their respective contacts being in the positions illustrated. 
The dekatrons are quiescent, since the anode-cathode p.D. 
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Fig. 1. Circuit of the combined timer and cycle counter 
R,, Ry = 33 kQ + 20%. R2, Rs = 100kQ 4+ 20%. Ry=22kN4+5%. R,=220kN+A 5%. Re= 22 kQNAIY%. R;, Rig = 1:2 
kQ4 5%. Rs, Ry = 100 kQ. Wire Wound Potentiometer. Ry = 1MQ2+5%. Rio, Ris, Rus, Rig, Roe = 68 KQ + 10%. Ryo =15 kQ 
+5% Ry = 200 kN45%. Ry =10 kQ45% Ry = 180 kQ4+5%. Reo, Reg = 470 kN + 20%. Re =S5MNASY% C, 


Cz = 0:05 uF + 20%. C, = 0-005 pF + 20%. 
+ 20%. 


C3, C; = 0:03 uF + 20% Ce =0°5 uF + 20%. C, = 0-015 pF + 20%. Cg = 0:025 pF 
S, = Double Pole Double Throw Toggle Switch. S», S; = 12-Position Rotary Selector Switch. V,, V; = Dekatron Valve, Type 


GS.12.A. V. = Double Triode Valve, 6.N.7. A/4 = P.O. Relay Type 3000, 3 ‘“‘ make” 1 ** break” contact 5000 ohms coil. B/3 = P.O. 
Relay Type 3000, 1 “* make” 2 ** break” contact 5000 ohms coil. SR,, SR, = Selenium Rectifiers, Type MR.4. S.T.C. 


1. The function of the apparatus is two-fold. It can 
control the time of an operation, or measure the time taken 
by an operation. 


2. Two 12-position rotary selector switches permit a 
preselection of any time from 20msec (1 cycle at mains 
frequency) to 2-64sec (132 cycles) in i cycle steps. 


3. The timer is inherently independent of normal mains 
voltage fluctuations, even though no special stabilization 
circuits are employed. 


4. The apparatus actually counts mains frequency 
cycles. Thus if the timer is set to 1 second, it counts 50 
cycles of sinusoidal E.M.F. irrespective of mains frequency 
drift. This can be an advantage when the timed device 
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is steady, and there is no input to V, or V, guides. (A, 
is Open, V,a is biased back beyond cut-off.) 

There is an independent standing guide-cathode voltage 
of about +20V for each dekatron: this assists in con- 
centrating the glow in the cathode regions of the valve in 
preference to the guides. 

The initial surge of current charging C, and C, will cause 
the anode-cathode p.p. of the “O” cathodes to be higher 
than for any of the other cathodes. Thus the glow strikes 
on the “O” cathodes, and (since the minimum maintaining 
voltage is lower than the striking voltage), once struck, the 
glow remains invested there. 


ACTION AS A TIMER 
Switch S, is in position T. Timing is initiated by holding 
the push-button depressed throughout the sequence. Relay 
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A closes and contact A, commences the timing period. 
Contact A, closing allows a continuous feed of 40V R.M.S. 
50c/s sinewaves into the guides of V, via A,, B,, S, and 
C,. Now the negative half-cycles of this sinusoidal E.M.F. 
will more than overcome the standing positive bias (+ 20V) 
on the guides, and consequently the guide-anode pP.D. 
exceeds that of the anode-cathode. Hence the glow will 
move from the “O” cathode to the adjacent guide. By 
means of the phase advancing network C, and R, it is 
ensured that the instantaneous value of the E.M.F. on 
guide 2 is always slightly lagging on guide 1. Thus the 
glow sequentially follows the E.M.F. from guide 1 to 
guide 2, and thence to cathode 1, when the p.p. from guide- 
cathode returns below that of the anode-cathode. The 
explanation of the advancement of the glow from guide 2 
to cathode 1, rather than back to the zero cathode, lies 
in the physical geometry of the tube’. 

Every succeeding negative half-cycle drives the glow 
around from cathode to cathode, the tube current raising 
the cathode upon which the glow is invested to a potential 
some 25V above the other cathodes. 

When the glow has completed one revolution of the tube, 
and re-strikes on the “O” cathode, a positive pulse is fed 
through the coupling capacitor C,. This in turn drives V2. 
conductive for the duration of the pulse, causing an 
amplified anti-phase version of this pulse (plus some clip- 
ping) to appear across R,,. The amplifier pulse is resistance- 
capacitance coupled to guide 1, and fed via a quasi- 
integrating network (R,,C;) to guide 2. This ensures 
sequential firing of V, every time the glow in V, passes 
through the “O” cathode position. Consequently the glow 
in V, dekatron moves around one position for every com- 
plete revolution of the glow in V, (i.e. every 12 completed 
input sinewaves = 0-24sec). 

So far the position of the time selector switches S, and 
S,; has been ignored. Suppose, for instance, that S, and S, 
are both on positions 6 (i.e. timing 78 cycles). It will be 
apparent that every time the glow current of tube 1 passes 
through the cathode resistor associated with S, position 6, 
a positive pulse will occur on V,» grid. Now V.» bias (as 
determined by R,,R..R2,R2.) is some 30V_ below cut-off. 
The arrival of a 25V pulse from V, will not, therefore, 
make V., conduct. 


However, when the glow discharge in V, rests on the 
cathode associated with S, position 6, then the level of R,, 
is raised by about 25V because of the 7/R drop across R,,. 
This brings V.» grid voltage within a few volts of con- 
duction, and occurs as V, glow goes through “O”. Thus, 
six cycles later (when the glow alights on cathode 6 of V,) 
the positive output pulse fed through C, does cause con- 
duction because of the coincidence of the two positive 
levels: the p.c. from V, and the pulse from V,. Relay B 
then energizes and is maintained by its holding contact B,. 

The opening of B, terminates the timing period. The 
opening of B, discontinues the a.c. drive into V,, and so 
the dekatrons “ stick ” on figure 6 for each tube. 

On re-opening the push-button switch relay A de- 
energizes. A, opens, de-energizing coil B. A, closes and 
sends a negative pulse through C, and C, as they charge 
to the —200V level. This negative pulse on V, and V, 
“O” cathodes brings the dekatron glow back to zero, and 
the apparatus is then ready for re-initiation. 


OPERATION AS A COUNTER 

This is identical to that as a timer except that S, is in 
position C. Consequently, relay coil B is disconnected and 
so B cannot energize. 

Instead of the 40V a.c. drive for V, being obtained via 
relay A, it is obtained when two external terminals (marked 
X) are shorted. Hence the connecting together of the X 
terminals initiates a counting period; the mains cycles 
being clocked upon the dekatrons in the usual manner. 

When X is open-circuited, the drive is removed and the 
glow remains stationary, thus permitting the number of 
cycles counted to be read off on the facia panel engraving. 
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‘* Electrodynamic ’ 


Ammeter for V.H.F. 


By M. Lorant 


N establishing standards for electrical circuits in the v.H.F. 
Tegion it is important to extend the direct measurement tech- 
Niques used at lower frequencies as far. as possible. Up to 
300Mc/s the current flowing in a circuit whose physical dimen- 
sions are small with respect to wavelength is essentially a 
uniform quantity, and the electrical characteristics of small 
circuit elements may be determined directly in terms of voltage 
and current. This fact makes possible the establishment of 
a standard electrodynamic ammeter for the v.H.F. ranges. 
_Such an electrodynamic ammeter design, employing a short- 
circuited ring coupled to a coaxial transmission line, has 
recently been the subject of a theoretical and experimental 
study by the U.S. National Bureau of Standards. Basically 
the method depends on a torque measurement on a conducting 
ring immersed in a field which does not change with frequency. 
This technique provides an absolute, broad-band measurement 
of high-frequency current, but several factors are critical in any 
actual design. : 
For minimum distributed capacitance and uniform current 
the short-circuited ring must be only a single turn, and the 
ting diameter must be small with respect to wavelength. For 
accurate inductance calculations the ring conductor should 
have a small cross section, but resistance then limits the current. 
A ring Icm in diameter of No. 20 copper wire is a practical 
size. When the ring current is small, the torque is also small, 
and the ring must be suspended on a delicate quartz fibre 
for accurate torque measurements. The coaxial line, acting 
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as the primary current-carrying element for the electrodynamic 
ammeter, has several advantages over other forms of con- 
ductor. Its electromagnet field can be calculated in a 
straightforward manner, and the line may be readily modified 
for calibration work with different types of radio-frequency 
ammeters. 

Calibration of the electrodynamic ammeter may be accom- 
plished directly and absolutely. A section of the coaxial trans- 
mission line, one wavelength long at 300Mc/s, is arranged 
with short-circuited ends to form a resonant cavity, and the 
torque ring is placed mid-way along the section. A known 
value of 300Mc/s power is fed into an input loop at one end 
of the cavity. Under these conditions the torque ring will be 
at a current maximum and a voltage minimum, and _ the 
measured torque on the ring will be due almost entirely to 
the magnetic component of the cavity field. The measurement 
is then repeated at 150Mc/s where the current and voltage 
relations are reversed and the torque is due only to the electric 
component. One further measurement is needed for absolute 
calibration of the ammeter. The cavity resonance frequency 
is measured at both 300 and 150Mc/s with and without the 
torque ring in place. The resulting changes in frequency are 
then a measure of the field discontinuity introduced by the 
presence of the ring. After the torque and discontinuity 
measurements are completed the instrument will be ready for 
use aS a standard to calibrate other ammeters at very high 
frequencies. 
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LETTERS 





1) THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Volume Compression and Expansion 


Dear Sir,—The design for a constant 
volume amplifier, described by Mr. G. J. 
Pope in your issue of October, 1952, 
utilizes a principle which occurred to me 
in connexion with the design of a volume 
expander for high fidelity reproduction. 
This principle consists in the use of a 
variable-nz cathode-follower (or equivalent 
feedback amplifier with gain less than 
unity) in order to provide a varying 
amount of negative feedback at some 
point in the amplifier circuit. The con- 
trolling grid bias is a positive or negative 
function of the volume level according to 
whether compression or expansion is 
desired. For expansion purposes the 
control bias is, of course, developed from 
the unexpanded signal, and the principle 
becomes particularly advantageous be- 
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Fig. A 
R = Rx, Rs, rain parallel 
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cause with maximum signals the variable- 
gain valve can be completely cut off, thus 
minimizing distortion. 

One elementary form of this idea is 
shown in Fig. A. The gain of the 
cathode-follower is guR (guR+ 1), where 
R is as defined in the diagram; the gain of 
the stage is the difference between this 
and unity, namely 1/(gmnR + 1). If the 
minimum value of gm is zero then the 
extreme expansion or compression volt- 
age ratio is(GuR + 1), where Gu is the 
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Fig. B 
R RL, Ro, raj, ray in parallel 
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maximum value of the mutual conduct- 
ance. 

Fig. A operates on the basis of two 
Opposing signal voltages arranged in 
series in the output circuit. The same 
effect can be achieved by feeding two 
opposing currents through a common 
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Control bias | 
Fig. C 
R = Rt, Re, raj, rag in parallel 


load, as is done in Figs. B and C. Fig. 
B has the advantage of dispensing with 
the cathode choke; its disadvantage is 
the very low impedance (due to Miller 
effect) presented to the control bias line, 
unless a separate grid is available for gain 
control as in a mixer. Fig. C is essen- 
tially Mr. Pope’s circuit. All three cir- 
cuits obey the same law of gain variation 
provided the values of R are appropri- 
ately calculated. 

The chief advantage of this principle is 
the linear relationship, obtainable over a 
wide range of volume levels, between 
decibel gain and control bias voltage. 
When used for expansion purposes there 
is also the possibility of modifying the 
response characteristic at low volume 
levels by means of suitable filtration in 
the feedback path. 


Yours faithfully, 
BRIAN D. CorBETT, 
Department of Clinical Research, 
University College Hospital, 
London, W.C.1. 


The author replies: 


Dear Sir,—I was very interested to 
read of Mr. Corbett’s experiments with 
variable negative feedback devices. The 
circuits of Figs. A and B are very ingeni- 
ous and combine the variable y# principle 
with the variable negative feedback 
element, both often used separately for 
compressors and expanders. 

Since negative feedback occurs in vary- 
ing amounts throughout the working 
range of circuits A and B, a beneficial 
effect is no doubt exercised on distortion 
production. Presumably, however, the 
input signal must be limited to avoid 
exploring too large a part of the essen- 
tially curved grid characteristic of the 
variable valve. 

The advantage is mentioned for circuit 
B that the necessity for a choke load is 
eliminated, and it may not be out of place 
here to mention some work done in this 
connexion. Using a similar circuit to 
that shown in my article, a resistive cath- 
ode load was employed, the control bias 
being fed, suitably decoupled, between 
cathode and grid of the cathode follower. 


580 


The value of this resistor must be such as 
to provide sufficient potential difference 
between anode and cathode of the valve 
throughout the range of anode current 
swing. In practice a 10k resistor is about 
the upper limit. The disadvantage of 
this arrangement, however, lies in the fact 
that with large input signals, the control 
bias drives the grid-cathode potential 
towards zero, when the anode current 
may become so great that the potential 
difference between anode and cathode 
becomes insufficient, and the gm will fall. 
This fall in gm will cause an increase in 
anode load impedance of the controlled 
amplifier which will further increase the 
control bias. Thus the grid will lose 
control of the space current which now 
depends on the anode to cathode poten- 
tial, and expansion of the signal will 
commence. If the cathode resistor is 
reduced to avoid this trouble, less com- 
pression results. 


Sa ~OHT+ 
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Input ? Control Bias 
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Fig. 1 


A circuit overcoming this disadvantage 
has been produced. Here the variable 
element is included in the cathode circuit 
of an amplifier to provide negative feed- 
back under the control of a bias voltage, 
a common resistor being used as cathode 
follower load and feedback element for 
the amplifier (see Fig 1). 

Maximum slope and current conditions 
for V. occur when no bias is applied and 
the value of R may te set to preserve its 
gm under these conditions. The control 
bias, fed as before from the compressed 
output must now be negative going. 

The u.T. line potential should be in- 
creased above a normal 250 volt or so 
value by the amount of D.c. drop across 
R due to the space current of V; alone, 
so that both valves receive sufficient 
operating potential. A small bias resis- 
tor is included in the cathode-grid circuit 
of V; to limit anode current under “no 
signal ” conditions. 


Yours faithfully, 
G. J. Pope, 
Hillingdon, Middx. 


Principles of Radio 


Sirn,— The purpose of my 
published in the November 
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Lockyer’s approach to the exposition of 
Q (for, as he points out, mine is the 
same) but to question the propriety of a 
reviewer contradicting an author on a 
matter of opinion rather than of fact. 
It seemed only fair to point out that no 
less an authority than the relevant 
British Standard definition could be 
quoted. against him when he states that 
“in fact this property (Q) can only be 
assigned to a resonant circuit”, so the 
authors of the book in question ought 
not to be blamed too categorically for 
following such authority and others that 
could be mentioned. 

But, as Mr. Lockyer points out, the 
difference of opinion itself is worth 
bringing to notice, for it affects the teach- 
ing of students at an important point. 
His view can be upheld by a more posi- 
tive and authoritative statement’ than 
mine: “ Strictly speaking, Q-value should 
be applied only as a characteristic of a 
resonant system. However, the term 
Q is often applied to a single non- 
resonant element and in this case the 
Q-value and/or the magnification factor, 
given, should be understood. to apply to 
the resonant circuit consisting of the 
element in question and a suitable loss- 
free reactance.” On the other hand, 
these same authors base their funda- 
mental definition of Q on the ratio of 
energy stored to energy dissipated, 
which, it seems to me, can be applied to 
any circuit component; and it appears 
to be a matter of theoretical and prac- 
tical convenience that this is derived or 
measured. in the resonant condition. It 
makes no difference to the steady-state 
working of an inductor, and to what is 
commonly called its Q, whether the 
voltage across its terminals is shared by 
a capacitor tuning it to resonance or is 
obtained straight from a generator. 

One advantage of confining Q to 

whole resonant systems is that there is 
then no ambiguity about frequency, 
whereas the Q of a coil or other com- 
ponent is not definite until the frequency 
is specified. But it is surely no more 
difficult to state the frequency outright 
than to leave it to be inferred from the 
parameters of a resonant circuit? In 
any case, Q varies comparatively little 
over the working range of a coil, this 
fact being one of its attractions as 4 
figure of merit. This being so, is it 
really important to cling firmly to the 
resonance basis of Q? Mr. Lockyer 
says that not to do so is unsound and 
liable to cause difficulties in subsequent 
work. It would be interesting if he 
would enlarge a little on this point. 
_ One condition I would make to his 
insistence that Q should be based on cir- 
cuit magnification—that the ambiguity 
of circuit magnification be made clear. 
It depends on how and where the input 
voltage is introduced. If in series with 
the coil as in the conventional Q meter 
it gives one figure, which disagrees with 
the usual expression for Q as oL/R; ii 
induced into the coil magnetically as 
In many actual tuning circuits it gives 
another, which is the same as Q. 

I am sorry that just at the moment 
when Mr. Lockyer appeals to me as a 
pillar of orthodoxy (apparently carry- 
ing more weight with him than even the 
British Standard!) I should show sign3 
of wavering, but as the opener of the dis- 
cussion on the paper just mentioned 
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said: ““Q is now used as a measure of 
the phase-angle of a _ two-terminal 
impedance, and this raises the question 
whether it will be possible to go back 
to the formal definition, or whether we 
should acknowledge common practice.” 
If it can be shown that “ common prac- 
tice’ does cause confusion dispropor- 
tionate to its convenience I will stand 
by Mr. Lockyer on the side of ortho- 
doxy, but if not I am prepared to move 
with the times. 


Yours faithfully, 
M. G. SCROGGIE, 
Bromley, Kent. 


REFERENCE 


! A. J. BicGs and J. E. Hou.pin, “ The Develop- 
ment of Q-Meter Methods of Impedance Measure- 
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Audio Frequency Spectrum Analysis 


Dear Sir,—In the first part of his 
article on problems in audio frequency 
analysis in the June issue Dr. Soanes 
mentions the experimentally observed 
“oscillations” near the beginning of the 
sweep. 


These oscillations may be confirmed 
by theory when one attempts to obtain 
the transient response of a passive net- 
work excited by a driving force with a 
linear frequency change. 


If the passive network with a system 
function 
G(s).s = 0 + jo 
is driven by an E.M.F. 
e(t) = k sin (ht — at’) 


where k, h, a are constants, the integral 
expression of the corresponding transient 
response is 


f(t) = saj | BSIOUIeds ay 
Dd 


2wj 


where E(s) = f:[e(t)] — the Laplace trans- 
form. 

Expressing the sine function in_ its 
exponential form and finding its Laplace 
transforms the following expression is 
obtained 


E(s) = Ex(s) + E,(s) 


where 
i Ne 
E\(s) = 4. V@/aexp(—h’/4ja 
; h ; 
—h/2as + 1/4jas’). erfc [s\qash—a] 


and 
k =, . o 
E,(s) = 4vjV7/aexp(h’/4ja—h/2as 


ae 
+ js’/4a) . erfe [ (sina 


Since the integration of the expression (1) 
is rather difficult—the approximate 
resolution is used. 


Assuming f*,(;)(t) be such that 
(a) f*(n)(t) f(t) uniformly, 


(b) the convergence of f*(n)(t) to- 
wards f(t) is very rapid within 
the given interval of time— 


a sequence of f*;,)(t) is produced by the 
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“pocket method ”, and thus an approxi- 
mate solution with a wanted degree of 
accuracy is obtained. 

Having a resonant LC circuit with 
,” = 1/LC and if the current entering it 
is of the form 


i(t) = k sin (ht — at’) 
the solution for the output voltage in 


the first approximation results in the 
following expression: 


k} ; 
V*,(t) = oat) 2 sin [4(©,+ A)r] 
sin [4(h — &)t] 


valid for 0 <t< rae | 
This expression, independent of a, shows 
that the transient wave increases sinu- 


soidally with the angular velocity 
4(w. + h). 
For # = h it becomes 


kh ; 
V*(t) = — Co yy: sin [4o, + At] 
There is therefore a ratio of the pass- 


band to the sweep frequency at which 
oscillations can te observed on the scope. 


Yours faithfully, 
W. SAGAILLO, 
Erith, Kent. 


REFERENCE 


? Guillemin, E.A., Cerrillo, M.V., Kautz, W. H.’ 
and Lucal, H. M. Research Reports of the Elec- 
tronics Laboratory, M.I.T. January, 1951. 


The author replies: 


Dear Sir,—I am indeed pleased to 
hear of the additional reference which 
Mr. Sagajllo has mentioned. Although 
not directly stated, Fig. 1 of my paper 
is a purely theoretical graph and follows 
quite directly from the work of Barber 
and Ursell. 

With reference to the M.LT. solution 
quoted by Mr. Sagajllo, the initial applied 
frequency is f. = h/27 and the first 
approximation V,(t) is valid for 
t< 7/. + h, as he says. 


(a) For hS, the solution is valid 
es which is less than 4 cycle 
of the applied frequency. 


for t|> 


(b) For h ~, the solution is valid 
for t |>7/h which is less than 4 cycle 
of the applied (or resonant) frequency. 

Neither (a) nor (b) can prove the exist- 
ence of a noticeably oscillatory response 
envelope which would necessarily extend 
over many cycles of the applied fre- 
quency. 

(c) For h <,, there is no significant 
response at all. 

The first approximation is independent 
of a, but the 2nd and others are not. 

The circuit selected for the example 
is an LC circuit with no resistance. The 
pass band is therefore zero, and there 
can be no significance to the “ratio of 
the pass band to the sweep frequency,” 
which anyway does not seem to appear 
in the last equation. 


Yours faithfully, 
SIDNEY V. SOANES, 
Toronto, Ontario. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 





Continuous pH Recorder/Controller 
(Illustrated above) 


GLASS-ELECTRODE pH recorder 

for automatic control of industrial 
processes has recently been introduced 
by George Kent Ltd. It is claimed that 
the instrument will provide accurate and 
continuous records of pH over periods 
of several months without any main- 
tenance attention, the addition of potas- 
sium chloride solution to the salt bridge 
also being unnecessary. The accuracy 
of the instrument is not affected by 
sampling under pressures up to 75 Ib. per 
square inch. The recorder also features 


plug-in electrodes with  quick-acting 
glands. 
The primary element, the body of 


which is made of high-temperature grade 
material, can be used in two ways. The 
tank-type can be arranged so that the 
electrodes just dip into the liquid to 
be measured, or the electrode system can 
be completely submerged. This type 
has a built-in. support complete with a 
quick-acting clamp. By simple replace- 
ment of accessories, the tank-type is 
converted into the flow-type, in which the 
liquid to be measured flows through a 
sealed hopper fitted on to the electrode 
holder. This type may be used for 
measurement under pressure. 

The combined reference/salt bridge 
electrode is unbreakable and pressure 
compensated. The liquid junction is 
resistant to fouling and is a separate com- 
ponent which can be replaced quickly 
at negligible cost. 

The three types of glass electrode 
(see Tab'e given below) cover virtually the 
full theoretical range of the pH scale. 

A nickel resistance thermometer, pro- 
tected by a moulded rubber sheath, pro- 
vides automatic temperature compensa- 
tion for the electrodes 

The measuring system is in two parts 
—an electrometer and a recorder. The 
impulse-type electrometer, operated from 
the a.c. mains. measures the potential 
of the electrode system without impos- 
ing any significant load on the system. 
The electrometer circuit has a high in- 


accessories and test instruments. 


put impedance which is symmetrical 
with respect to earth, making possible 
the use of robust and service-free elec- 
trodes. Only one valve is used in the 
electrometer. Variations in the valve 
characteristics do not cause zero drift, 
and changes in mains supply voltage do 
not affect the accuracy of the instrument. 
The electrometer can be mounted up to 
100 feet away from the primary ele- 
ment, and the self-balancing potentio- 
meter/recorder may be located up to 50 
feet from the electrometer. 

Processes involving the circulation of 
hot process liquor, for example, can be 
automatically controlled pneumatically 
with the aid of this universal recorder. 


George Kent Ltd., 
Luton, Beds. 





Arcolectric Signal Lamp Holder 
(Illustrated above) 


HE new Arcolectric signal lamp 

holder, type S.L.88, is totally enclosed 
and insulated so that it will withstand 
1500 volts a.c. flash tests. It will accept 
most popular M.g.s. low voltage bulgs, 
and can be fixed in a single #in. hole. The 
domed plastic lens allows 180° visibility, 
and is available in a wide range of trans- 
parent and translucent colour. The lamp 
is accessible from both the rear and the 
front. 

Another version of the holder is avail- 
able for use on mains voltages. A 
feature of this design is that the resistance 
is built-in, and the holder can be con- 
nected direct to the mains. No external 
resistor is needed for voltages up to 
250 volts. The holder is designed for use 
with the Arcolectric neon tute type 
T.47, which facilitates replacement. The 
standard holder is for use on 200/250 
volts a.c./D.c., but other models can be 
supplied for 80/500 volts. 


Arcolectric (Switches), Ltd., 
Ceniral Avenue, West Molesey, 
Surrey. 











| TEMPERATURE ESTIMATED CONTINUOUS- 
ELECTRODE | PH RANGE RANGE OPERATION LIFE BEFORE SERVICING 
General-purpose 0-10 ns Over 6 months 
High-temperature 0-14 50°-100° C. About 2,000 hours at 100° C. 
High pH 10-14 ie More than 2,000 hours 
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Leland-Maury Electronic Auscultoscope 
(Illustrated below) 


be Leland-Maury Electronic Auscul- 
toscope is a new instrument for the 
visual and aural observation of the 
sounds and functioning of the heart and 
lungs, and makes available to the medical 
profession generally the technical facili- 
ties of the Maury Laboratory Ausculto- 
scope apparatus. 

The auscultoscope is an_ electronic 
instrument which provides a means of 
listening to the sounds of the heart and 
lungs, and also of viewing, and if 
necessary recording photographically, a 
graphic representation of the heart and 
lung sounds on the screen of a cathode- 
ray tube. The sounds are picked up 
from the body by means of a small 
electro-dynamic transducer which, held 
against the patient’s chest, conveys a 
signal through a control and amplifier 
unit to a loudspeaker and a visual dis- 
play unit, which may be used separately 
or simultaneously. 

The transducer, which is analogous to 
the microphone and which to some 
extent functions as such, has a response 
characteristic which enables it, on the 
one hand to avoid as far as possible such 
unwanted noises as those produced by 
surface contact between the transducer 
and the patient’s skin, but on the other 
hand to accept the very low frequencies 
of the fundamental heart and lung 
movements which are verging on sub- 
audible frequencies, and also the sub- 
audible vibrations for observation cn 
the visual display unit. 

The control and amplifier unit has an 
over-all response characteristics which is 
complementary to that of the transducer, 
and provides a high degree of amplifica- 
tion of the desired body sounds, without 
the introduction of spurious noise, thus 
making audible and visible the minor 
and secondary sounds of heart and lung 
functioning. The lower fundamenial 
pulse frequencies are also rendered 
audible as far as their very low fre- 
quency permits, and are clearly visible 
by graphic representation on the screen. 
The controls allow the degree of over- 
all amplification to be varied and permit 
certain parts of the frequency response 
band to be selected and emphasised to 
observe either the fundamental or the 
harmonic movements and sound of the 
organ under consideration. 

The loudspeaker unit provides maxi- 
mum output of very low frequencies. 
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While suppressing the very high fre- 
quencies associated with background 
noise, it gives clear and well defined 
reproduction of the higher frequencies 
associated with the heart valve move- 
ments and of the higher harmonic fre- 
quencies which give to the heart sound 
the “character” by which the trained 
ear and eye are enabled to provide a 
clinical interpretation of the sounds and 
their graphic representation on_ the 


screen. se 
The visual display unit is funda- 
mentally a cathode-ray oscilloscope, 


having a 6in. diameter screen with low 
persistence coating giving a_ blue-green 
trace of high actinic value, thus permit- 
ting observation of low frequency traces, 
and also good strength images for photo- 
graphic recording. The display unit 
incorporates its own time-base, which is 
designed to give low horizontal sweep 
frequencies which can be adjusted to the 
patient’s heart beat rate, and directly 
calibrated to indicate the number of 
beats per minute. A_ synchronizing 
control enables the time-base to be 
locked, as far as possible, with the low 
and varying frequencies of the heart to 
give a steady graph of the organ’s 
sounds. 


The camera is an orthodox oscillo- — 


scope camera which permits records to 
be made on paper or film-based photo- 
graphic material, the spool accepting 
standard 25ft rolls of 35mm film so that 
sufficient film for thirty individual records 
is available from one loading. There is 
also facilities for removing each record 
individually for immediate development 
if required. Single frame still records 
can also be made with the camera. 


Leland Instruments, Ltd., 
22 Millbank, 
London, S.W.1. 


Truvox Tape Deck 
(Illustrated below) 


fen new Truvox tape deck has been 
designed for building into complete 
recorders so that they can be handled by 
inexperienced personnel. This is achieved 
by a method of tape control and tape 
loadiag which is extremely simple to 
operate. Push-button control enables 
the user to either work the machine on 
the record-play-back, fast-forward or 
fast-reverse positions. In the latter two 


positions of the switches a complete reel 
can be re-spooled in under a minute. 
The braking system has a separate 
button which will stop the mechanism 
almost instantaneously when depressed. 
The drive is a type of silent friction 
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“ ” 


mechanism to eliminate “wow” and 
* flutter.” 

The motors are normally wound for 
230 volts, but other voltages are avail- 
able to order. The heads are so 
designed that the erase head works from 
a low impedance circuit to ensure satis- 
factory erasure and minimum loss of 
energy in screened cables, while the 
record/replay head is of the high imped- 
ance type, rendering the use of trans- 
formers unnecessary. This head is, how- 
ever, tapped down so that it also receives 
a bias voltage from a low impedance 
circuit. 

Truvox, Ltd., 


Truvox House, Exhibition Grounds, 
Wembley, Middx. 


Switchboard Termination Unit 


A SWITCHBOARD termination unit 
for use with the Pye PTC.703/4 
V.H.F. fixed station has been designed 
and manufactured on behalf of Pve 
Telecommunications Ltd., by Ericsson 
Telephones Ltd., which permits the con- 
nexion of a duplex radio link circuit to 
a manual switchboard in a manner 
exactly similar to a line circuit. 

There are two types of application for 
this unit, either for “subscribers” cir- 
cuits, or for junction circuits between 
two exchanges. For the former, a 
termination unit is used at the exchange 
end of the link while the remote end 
is connected “four wire” as a standard 
duplex station. For a junction link, 
termination units are used at each end. 

The equipment comprises a_ panel 
34in. by 19in. which mounts in the stan- 
dard fixed station cabinet and carries 
hybrid transformers, relays, power unit, 
etc. For the switchboard a standard jack 
and indicator are supplied loose, to- 
gether with two relays and two isolating 
capacitors, which may be mounted in any 
convenient position at the back of the 
board. Only two wires and earth return 
are needed between the exchange and 
the v.H.F. fixed station. The length of 
line between the two is limited to a 
maximum loop resistance of 500 ohms. 
The unit contains its own mains power 
pack (100-150, 200-250 volts, 40-60 
cycles), and is completely independent 
of, and isolated from the exchange bat- 
tery. This means that the standard unit 
may be used with any type of switch- 
board. 

The receiver and transmitter heaters 
are continuously switched on. When the 
operator plugs into the line, the local 
transmitter is switched on and the in- 
dicator operates. The arrival of the 
signal at the remote receiver overates its 
mute relay, and this in turn operates the 
indicator on the remote switchboard. 
When the operator plugs in to answer, 
the remote transmitter is switched on, 
communication is established and both 
indicators return to normal. A _ reverse 
sequence is followed when the line is 
cleared at the end of the call. 

The unit can equally well be wired to 
a cordless type of switchboard. As will 
be seen from the sequence of operations 
above, the v.H.F. radio “lines” are pre- 
sented to the onverator in exactly the 
same form as normal wire lines. 


Pye Telec ications Ltd., 
Radio Works, Cambridge. 
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Stentorian Pressure Type Tweeter Unit 
(Illustrated above) 


The Stentorian Pressure Type 
Tweeter Unit is of the moving coil pres- 
sure type and is similar to that used in 
the 10in. and 12in. concentric Duplex 
loudspeakers. The speech coil is of 
aluminium wire, wound on an alu- 
minium former which is rigidly fixed to an 
aluminium diaphragm, and these are situ- 
ated at the rear of the magnet. The 
centre pole is hollowed out to form the 
commencement of the horn, in the 
centre of which is the phase equalizer. 

The speech coil impedance is 15 of 
30 ohms, and the flux density is 14000 
gauss. The unit has a _ response of 
2 000-14 000c/s and a power handling 
capacity of 3 watts, 


Whiteley Electrical Radio Co. Ltd., 
Radio Works, Mansfield. 


Electrothermal Rubber Sheeting 


A NEW method of applying heat in 
defined areas of any size has now 
been developed and _ produced by 
Electrothermal Engineering Ltd. under 
the name E.R.S. 

E.R.S. appears to be a flat sheet of 
black rubber, but it is electrically wired 
at 150, 250 or 400 watts per square foot 
for mains operation to radiate heat at 
controlled temperatures up to 200°C 
sufficient for applications of heat to 
flat, shaped or curved surfaces, where 
the required heat input does not exceed 
400 watts per square foot. E.R.S. ratings 
provide for a temperature of 100°C 
(Type 1), 150°C (Type 2) and 200°C 
(Type 3) respectively. For general appli- 
cations Types 1 and 2 have become the 
standard choice, but Type 3 should be 
selected if rapid temperature rise is 
necessary. Thermostats and pyrometers 
are availatle for tse with the sheeting. 

Standard sizes of E.R.S. range from 
12in. by 6in. to 96in. by 48in. heated 
area, but the product can be supplied 
to individual temperature and production 
requirements. The sheeting operates on 
100/200 or 200/250 volt mains a.c. or 
D.c., but can be supplied for all other 
voltages. It has been tested satisfac- 
torily for resistance, completely 
immersed in water. at 2 500 volts a.c. and 
1000 p.c. The standard E.R.S. will take 
approximately 20/30 minutes to reach 
maximum temperature, and will there- 
after maintain that temperature, but it 
can be designed to reach a specified tem- 
perature in a shorter period. 


Electrothermal Engineering Ltd., 
270 Neville Road, 
London, E.7. 
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Automatic Feedback Control 


By W. R. Abrendt and J. F. Taplin. 412 pp. 
McGraw Hill Publishing Ce. Ltd. 1951. Price 64s. 
fem book presents its subject in a 

very readable and in general a logical 
manner. The mathematician will learn 
nothing more on his own subject, but 
on the other hand, he may benefit from 
the chapters dealing with the more 
practical or engineering aspects of 
control. 

A balance has been achieved such as 
might *be expected from the authors 
representing as they do, the academic 
and the instrument manufacturing and 
application viewpoints. 

The subject is introduced in a gentle 
manner which should give the beginner 
a good concept of its scope and purpose, 
but he will not get far without a fair 
working knowledge of differential equa- 
tions and transforms. 

The outlook of the practical experi- 
mentalist is apparent and reveals itself 
particularly in such an expression as 
(p. 263) “In order to determine whether 
or not a servo will meet its performance 
requirements, there is no better test 
than the actual application for which it 
is intended”; and also (p. 106) the prac- 
tical advice is given, not to design for 
the apparent ideal, but to limit the 
frequency of response of the system 
being designed to that required to deal 
with the genuine control motion required, 
thereby rendering the system more safe 
against resonance, noise and spurious 
signals which often appear in the 
frequency spectrum outside the operative 
range. 

On p. 185 it is admitted that it is often 
necessary to resort to a graphical solu- 
tion, but that (p. 199) “ mathematics act 
as a guide to design”. 

Chapters 1 to 6 deal with the funda- 
mentals and theory, 7 and 8 with design 
problems and Chapters 9 to 13 with 
practical applications. 

After a _ general introduction in 
Chapter 1, the second chapter describes 
the method of forming differential equa- 
tions for simple systems and introduces 
the Laplace transform method of solving 
them. Chapter 3 follows with the classi- 
cal approach to the analysis of physical 
systems beginning with the simple servo- 
mechanism, while Chapter 4 presents the 
frequency response approach. Applica- 
tions of this method to simple closed 
loop systems are covered in Chapter 5 
and multiple loop systems in Chapter 6. 
There follow two very useful chapters 
on design considerations, and non- 
linearity and discontinuity, Chapter 9, 
opening the practical section, deals with 
servo-mechanisms and is informative on 
many practical details. Chapters 10 to 
13 illustrate the applications of feedback 
control in pneumatic controllers, tem- 
perature regulators, speed governors and 
fluid control. 

It is pleasing to see the Laplace 
transform used in the early chapters of 
the bock on the simpler differential 
equations, which enables the new reader 
to grasp more easily the operational 
method. 

It is a little unfortunate that Chapter 2 
tends to be rather jumbled. It opens 
with formation of differential equations, 
continues with the Laplace transform, 
in the middle of which there appears a 
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BOOK REVIEWS 


section on complex numbers and this is 
followed by paragraphs on transfer func- 
tions and frequency spectra, before 
including a paragraph on the geo- 
metrical interpretation of the Laplace 
transform. 

The book appears to be designed for 
the student in training to be a feed- 
back engineer and for engineers and 
others who wish to improve their 
knowledge of this aspect of engineering. 
If this is the purpose of the book then 
the reviewer considers that the object has 
been achieved. 

J. BELL. 


Electricity Meters and Instrument 
Transformers 


By S. James. xi + 467 pp. 205 figs. Chapman 
and Hall Ltd. 1952. Price 50s. 

T the outset it should be pointed out 

that the title of the book is strictly 
correct: it deals with electricity integrat- 
ing meters and excludes voltmeters, 
ammeters and other indicating and re- 
cording measuring instruments. 

Unlike most books on metering, this 
book is written by a designer with a life- 
time of commercial manufacturing ex- 
perience; consequently it is both authori- 
tative and of practical use in connexion 
with meter manufacture, instead of only 
to installation, etc., from the users’ 
aspect. Except in one respect, and this 
is forecast in the Appendix, the book is 
well up to date. The exception is due 


to the inevitable delay between writing ° 


and publication, references to B.S.37: 
1937, being not now fully correct 
owing to the recent revised issue of 
B.S.37, Parts 1 and 2, 1952 (with other 
parts to follow). But all interested 
readers will have the revised British 
Standard and will refer to it as neces- 
sary. 

Chapter 1 deals with specifications and 
legal requirements. This is an admirable 
Start, since meter performance has to 
comply with various statutory require- 
ments in addition to the British Standard. 
Most of the chapters deal with a par- 
ticular class of meter—p.c., single-phase, 
polyphase, prepayment, etc., each in- 
cluding both early types such as elec- 
trolytic meters as well as modern types. 
After these chapters follow others on 
more specialized and recent aspects— 
reactive meters, both internally com- 
pensated and for use with special trans- 
formers; kVA meters, with a discussion 
on power factor implications and 
ambiguities in the measurement of the 
quantity, which is not always a simple 
conception; maximum demand indicators, 
with a note on tariffs and details of 
thermal bimetallic and integrating types 
of meter, the latter as used for Grid 
metering. Summation metering, an 
important subject due to the Grid net- 
work and to comprehensive industrial 
installations, is dealt with very fully and 
the various mechanisms and meters 
described. The last two chapters deal 
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with current and voltage transformers, 
both in theory and as applied to prac- 
tical metering. 

Meter testing is excluded from this 
book, but a companion volume dealing 
with this subject is stated to be in 
course of preparation. 

The book shows signs of careful edit- 
ing, terminology and symbols being 
correct throughout. The many line dia- 
grams and other illustrations are ex- 
tremely clear and the book is well 
printed and very readable. It contains 
no higher mathematics. 

There is little application of elec- 
tronics in the metering of industrial 
and domestic energy, chiefly because the 
few volt-amperes needed by the meter 
can be provided from the circuit without 
affecting it, unlike the case of the valve 
voltmeter where the instrument energy 
is specifically not taken from the (low- 
power) source being measured. 

The book can be thoroughly recom- 
mended to engineers of all grades who 
are concerned with integrating meters, 
both in manufacture and use. 

E. H. W. BANNER 


Theoretische Elektrotechnik III. 
Grundziige der Theorie Elektrischer 
Maschinen 


(Theoretical Electrical Engineering 
Ill. Fundamentals of the Theory of 
Electrical Machines) 


By Dr. Ing. Karl Kuhlmann. 547 pp. 328 illus- 
trations. Verlag Birkhauser, Basel. 1951. Price 
sf.74.90. 

HIS book constitutes the third volume 

of a comprehensive work on _ the 
theory of electrical engineering of which 
so far only the second volume, dealing 
with the theory of the a.c. circuit and 
the single-phase transformer, was pub- 
lished in 1947, while the first and fourth 
volumes are still in preparation. The 
present volume deals in great detail 
with the principles of the theory of elec- 
trical machines, their mode of action, the 
winding techniques, the production of 
magnetic fields, some induction calcula- 
tions including stray leakage reactance, 
the E.M.F.s induced and the magnetic 
energy and torque of electrical machines. 
In an appendix additional phenomena 
and problems are dealt with, viz. the 
commutation process, particularly that 
encountered in a.c. machines, special 
losses in electrical machines, e.g. those 
due to skin effect, to eddy currents and 
to magnetic reversal, and the iron losses 
in machines with circular and elliptical 
rotating fields. About 90 pages ure 
devoted to the theory of symmetrical 
components, a special feature being that 
they deal briefly also with arc-suppres- 
sion coils. ; 

The treatment is mathematical 
throughout without neglecting physical 
considerations and practical aspects, as 
may be expected from an author who, 
before being called to the chair of Elec- 
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trical Engineering at the ETH Zurich, 
held for many years responsible posi- 
tions in various departments of one of 
the largest electrical firms of the Con- 
tinent. ; 

It is perhaps somewhat surprising that 
no mention is made of p.c. crossfield 
generators as the author was, in 1905, 
the first (together with Hahnemann) to 
try to give a mathematical theory for 
this type of machine. There may be two 
reasons for this omission. The first is 
that the crossfield generator, although 
at present still used to some extent as 
an arc welding generator may not be 
important enough to justify its treat- 
ment in a book already rather volu- 
minous, though it should be remembered 
that the modern metadynes and ampli- 
dynes are based on the crossfield prin- 
ciple. The other reason may be that 
this type of machine, working as it does 
with high saturation and strong stray- 
fields, does not lend itself easily to exact 
mathematical treatment (cf. Rosenberg, 
Die Gleichstrom-Querfeldmaschine 1928, 
p. 84). 

The old practical system of units 
is used in this volume, while the more 
modern M.K.S. system will apparently 
be dealt with to some extent in the first 
volume not yet published. The book 
is a valuable contribution to the litera- 
ture of electrical theory and is parti- 
cularly suitable for the advanced student 
who is able to read a German text. It is 
well produced, and a brief subject 
matter index facilitates its use. 


R. NEUMANN 


Radio Interference Suppression 


By G. L. Stephens, A.MI.E.E. 2nd_ edition. 
132 pp. 65 diagrams and photographs. Iliffe and 
Sons Ltd. August 1952. Price 10s. 6d. 

HIS handbook is a guide to the 

various methods of suppressing 
electrical interference with radio and 
television reception. The author describes 
‘he origins of interference and the theory 
of suppression technique. He then gives 
practical applications. Typical interfer- 
ing appliances discussed include: engine 
ignition systems, switches, thermostats 
and contactors, electric motors and 
generators, rotary convertors, lifts, neon 
signs, fluorescent and other types of 
discharge lighting, radio-frequency 
heating apparatus, television receivers, 
spectrographic equipment and_ valve 
rectifiers. 

Attention has been paid to the prob- 
lem of interference at television fre- 
quencies and to suppression arrangements 
on motor vehicles and on board ships. 
Other chapters deal with the design and 
choice of suppressor .components, 
methods of locating the source of inter- 
ference, and suppression at the receiver 
itself. Reference data is provided in 
the appendices. 


Electric Fuses 


By H. Lipple, Dipl.Ing. 173 pp. Butterworths 
Scientific Publications. August 1952. Price 25s. 
HIS book is a critical review of the 
literature on electric fuses by Herr 
Lipple, the Chief Engineer of the H.V. 
Fuse and Overvoltage Protection 
Department of Siemens-Schuckertwerke, 
Berlin. In the course of the work he 
includes his own views and observa- 
tions as a commercial fusegear engineer, 
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so that the accent is on practical and 
commercial engineering aspects. 

In his introduction the author states 
that in his opinion ‘ . the fuse not 
only is a device of former and present 
importance but will in the future play 
a notable part in the general field of 
electrical engineering”. Reasons for this 
opinion are outlined in the brief histori- 
cal development of fuses given, and the 
author’s resumé of the literature on the 
subject is influenced by this viewpoint. 

Discussions on physical aspects, circuit 
breaking problems, breaking-capacity, 
deterioration, time/current characteris- 
tics, and an examination of several basic 


formulae from various sources are 
covered. Practical aspects outlined 
include: discrimination, co-ordination, 


the necessary qualities for satisfactory 
fuse performance, and their applications 
to special functions. An_ interesting 
feature is the comparison of rules and 
ratings and the standards used in various 
countries, while an extensive list of 
references in which each item includes an 
abstract of the subject matter covered 
adds to the value of the book. 


The Practical Electrician’s 
Book 


Edited by R. C. Norris. 1953 edition. 551 pp. 
Odhams Press Ltd. 1952. Price 5s. 
Base 1953 edition of this pocket book 
includes five new chapters and exten- 
sive revision of four other sections, 
while the wiring systems, refrigeration, 
water heating and reference tables are 
also brought up-to-date. 

The five new chapters cover: a review 
and explanation of types of switches with 
diagrams showing their use in lighting, 
motor and appliance control circuits; 
time switches and their applications; 
power factor correction for economy; 
efficient domestic lighting. and details of 
the insulation material fibreglass. 

Previously dealt with together, the 
subjects of motors and generators now 
have separate sections. The latest 
developments in the radio and television 
interference suppression field are in- 
cluded in the appropriate chapter. 
Practical guidance for contractors on 
installations for farms, dairies, market 
gardens, poultry houses, etc., is given in 
“Electricity on the Land”, while the 
section on illumination now _ includes 
application data for latest fluorescent 
tubes and fittings. 


Pocket 


Antennas: Theory and Practice 


By S. A. Schelkunoff and H. T. Friis. xxii + 

639 pp. John Wiley & Sons, Inc., New York, 

and Chapman & Hall Ltd., London. 1952. Price 
“S 


80 
oo the beginning of this century 
considerable attention has _ been 
focused on the subject of radio aerials 
and an extensive theory has been built 
up. Unfortunately the average radio 
engineer, who is most concerned with 
aerial design, h.s found much of it be- 
yond him tecause of its highly mathe- 
matical nature. The textbook under 
review makes a welcome attempt to 
describe the basic principles of aerial 
behaviour in a way which will be intel- 
ligible to such engineers. The authors, 
the one a_ well-known mathematical 
physicist who has made many important 
contributions to aerial theory and the 


585 





| CHAPMAN & HALL 





Just Out 


COMMERCIAL 
MC. 
MEASUREMENTS 


by 
G. W. Stubbings 
B.SC., F.INST.P., A.M.LE.E. 
Third Edition, Revised 
184 figures 





377 pages 50s. net 


_ ALTERNATING 
CURRENT 
WAVE- FORMS 


Theory and Practice 
by 
Philip Kemp 
M.SC.TECH., M.I.E.E. 
Second Edition, Revised & Enlarged 
170 figures 


408 pages SOs. net 
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The latest 
“‘ Electronic Engineering” 
monograph 


RESISTANCE 
STRAIN CAUCES 


By J. Yarnell, B.Sc., A.inst.P. 
Price 12/6 


This book deals in a practical manner 
with the construction and application 
of resistance gauges and with the 
most commonly used circuits and 
apparatus. The strain-gauge rosette, 
which is finding ever wider applica- 
tion, is treated comprehensively, 
and is introduced by a short expos- 
ition of the theory of stress and strain 
in a surface. 


Order your copy through 
your bookseller or direct from 





Electronic Engineering 


28 ESSEX STREET, STRAND, 
LONDON, W.C.2. 
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BOOK REVIEWS (Continued) 


other the director of high frequency re- 
search at the Bell Telephone Labora- 
tories, are admirably equipped for writing 
a book of this kind. ‘They have replaced 
purely mathematical proofs by a com- 
bination of physical’ pictures and suffi- 
cient mathematical work to justify the 
results presented. The physical back- 
ground is built up from the concepts of 
electrostatics and transmission lines both 
of which will already be familiar to the 
engineer. Aerial theory is thus developed 
as an extension of the radio engineer’s 
normal background and not as a totally 
new subject. What are in so many text- 
books mere mathematical equations take 
on a physical shape which emphasizes 
their relevance to practical design prob- 
lems. Much of the apparent simplicity of 
the treatment has been achieved by dis- 
pensing almost entirely with the notation 
of vector calculus: the operators, curl, 
div and grad, which so often prove a 
stumbling block to students, make very 
rare appearances in this book. 

As may be seen from an outline of 
the contents, almost the whole field of 
aerial theory is surveyed. An introduc- 
tory summarizing chapter is followed by 
three chapters on Maxwell’s equations 
and their solutions for plane and spheri- 
cal waves. Aerials themselves are then 
treated from two standpoints: firstly the 
directive nature of the radiation and 
secondly the internal working conditions. 
At this point the current distribution in 
linear radiators, such as the half-wave 
dipole, is considered in detail with par- 
ticular attention to the frequently-used 
assumotion of a sinusoidal distribution. 
Complete details of the methods used to 
calculate the current distribution are not 
given but there are adequate descriptions 
of the general lines of attack. Aselsewhere 
in the book there are copious references 
to enable the reader to pursue the sub- 
ject further if he desires. The remaining 
chapters are devoted to specific aerials 
such as self-resonant systems, rhombic 
arrays, slots, horns, and reflectors. 

It is very easy to find fault with a book 
of this type because pet subjects of the 
reader have been omitted. The reviewer, 
for example, feels that the question of 
bandwidth has not been treated as fully 
as it deserves and that Yagi and helical 
aerials merit more than a passing men- 
tion. The chapters on the aperture 
radiators, horns, reflectors and lenses, are 
not so extensive as those on current radia- 
tors and it might have been preferable to 
expand them into a separate volume. 
However, these criticisms do not detract 
from the value of the information which 
is given. 

Since the primary concern of this book 
is with basic principles, the bulk of it 
is of a theoretical nature but experi- 
mental results are frequently referred to 
in corroboration and amplification of 
approximate theories. On the whole it is 
very readable, but there are a few places 
where compression would be advan- 
tageous. This is partly due to the 
arrangement of the chapters which is such 
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that there are frequent forward references. 
The book is well produced and has many 
admirable diagrams. Few misprints have 
been detected, the most serious being in 
Appendix III: the half-power beam- 
width of a wire of length / should read 
50:7A/1 degrees. Most of the chapters 
contain examples and the answers are 
suppiied. These examples are not of the 
all-too-common type which merely in- 
volve the substitution of numerical data 
in formulae from the text, and any reader 
who works through them’ conscientiously 
can claim a good knowledge of aerial 
theory. 


J. BROWN 


Electrical Engineering—Theory 
and Practice 


By W. H. Erickson and N. H. Bryant. 523 pp. 
John Wiley & Son Inc., New York, and Chapman 
& Hall Ltd., London. August 1952. Price 48s. 

HIS book is based on lectures de- 

livered to students of civil, mechanical 
and chemical engineering at Cornell 
University. 

The subjects covered can be divided 
into three main parts: circuits, machines 
and electronics. The first ten chapters 
deal with the fundamentals of p.c. and 
A.c. circuits including magnetism, elec- 
tromagnetic induction, inductance, capa- 
citance, single and polyphase a.c. systems, 
instruments and measurements. Chap- 
ters 11 to 19 are devoted to machines. 
D.C. generators and motors, together with 
motor control, are first considered, then 
transformers, induction motors, syn- 
chronous machines, single-phase motors 
and control equipment are presented. 
Chapters 20 to 28 are concerned with 
electronics. In addition to chapters 
covering electronic emission, valves and 
their characteristics, considerable space 
is devoted to rectification, amplification, 
communications and electronic control. 

Since the book is not intended for elec- 
trical engineering students it is surpris- 
ing to find that its scope is so wide. 
It is debatable whether topics such as 
the following should have been included: 
modulation, detection, receivers, genera- 
tor voltage regulators, resistance-welding 
control, repulsion motors, synchros. 
rotating amplifiers, amplidyne, rototrol 
and regulex. On the other hand, one 
would have expected a detailed treatment 
of the cathode-ray oscillogranh whereas 
this imvortant piece of eauipment is dealt 
with in less than 44 pages in an 
Appendix. 

Physical analysis of the operation of 
circuits and machines has been stressed, 
although mathematical analysis is not 
avo'ded. Certain methods of treatment, 
such as the equivalent-circuit concept for 
A.c. machines, have, therefore, been 
omitted. Further, ac. circuit theory is 
presented without introducing complex 
quantities, although an Appendix is in- 
cluded explaining complex notation. 

At the end of all but four chapters 
between 5 and 25 problems are found with 
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answers, giving a total of 269 problems, 
The authors have endeavoured to compile 
problems which do not require the mere 
substitution of numbers in formuie, 
There are not many illustrative problems 
in the text. 

The book seems to be free from serious 
errors. The authors use kv, mv, ma, ga 
and kw instead of the usually accepted 
kV, mV, mA, uA and kW. The ampli- 
tude of an alternating quantity is defined 
as the maximum value of the quantity 
which seems unusual and one-half of a 
cycle is called an alternation which is 
uncommon. It is stated that voltage- 
regulator tubes are available for voltages 
between 75 and 150V and for currents 
up to 200mA. Tubes are available for 
voltages bketween 50 and 160V, however, 
and for currents up to 200mA. Regula- 
tion over the current range of a voltage- 
regulator tube is often greatly in excess 
of the 1 or 2V quoted. It is a pity that 
the authors have found it necessary to 
use so many words ending in “tron”, 
e.g., phanotron, kenotron and _ pliotron. 
They also use both the words anode and 
plate. No references are given for further 
reading although some topics are dealt 
with very briefly. For example, refer- 
ences to some of the literature on strain 
gauges would have been useful since ‘the 
subject is treated in three short para- 
graphs only. It would have been helpful 
if some suggestions had been given for 
experimental work. Readers may be 
surprised to find that the M.K.S, system 
of units is not used throughout. 

The took is easy to read and under- 
stand, the diagrams are clear and the 
explanations have been carefully thought 
out. The printing and general produc- 
tion of the book are first rate and it can 
be warmly recommended as a most useful 
addition to any library. 

F. A. BENSON 


Scientific Research in British 
Universities 1951-52 


485 pp. H.M. Stationery Office. October 1952. 
Price 8s. 6d. 

CIENTIFIC Research in British 

Universities 1951-2” published by 
H.M.S.O. for D.S.I.R. gives details of 
research work in_ universities and 
colleges in the United Kingdom. The 
object of this volume is to provide brief 
notes outlining the projects being under- 
taken by British universities and 
colleges during the 1951-2 session. It 
covers all fields of science and _ tech- 
nology including agriculture and 
medicine. 

The material has been collected by the 
British Council from the heads of 
departments of the universities con- 
cerned, who are alone responsible for 
the entries, and it is issued by the 
Department of Scientific and Industrial 
Research with the collaboration of the 
Agricultural and Medical Research 
Councils. 

Details of the research work are 
arranged according to the universities at 

which they are being undertaken and 
include the names of the staff working on 
the problem, together with a description 
to show the scope of the research. e 
names are indexed so that it is possible 
to find out where a particular person 18 
and the research upon which he is 
engaged. 
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Notes from the Industry 


City and Guilds of London Institute 
Insignia Award. The City and Guilds 
of London considers that in certain 
branches of industry additional 
encouragement and recognition could 
usefully be given at a higher level than 
that represented by its Full Technological 
Certificates to those engaged in industry 
who continue to pursue their studies 
and to broaden their knowledge. There- 
fore the Institute proposes to establish 
under its Royal Charter an Insignia 
Award in Technology which will lay 
emphasis upon technical training based 
primarily upon practical experience, 
supplemented by theoretical study, as 
distinct from the more academic 
approach to training. 

The standard of the Insignia Award 
will be considerably above that of the 
existing Full Technological Certificate. 
The Institute intends to introduce the 
Award gradually as opportunity offers 
in the main branches of the chemical, 
constructional, electrical, mechanical and 
textile industries, The co-operation and 
assistance of representatives of industry 
will be sought in judging the eligibility 
of candidates. 

Copies of the general regulations 
governing the Insignia Award scheme. 
together with notes for the guidance of 
candidates, and an application form for 
the registration of candidates (Form 
CGIA/1) will be sent to any applicant 


on receipt of a stamped addressed 
foolscap envelope. Inquiries should be 
addressed to the Director. Devartment 


of Technology (I.A.), 31 Brechin Place. 
South Kensington, London, S.W.7. 


New Broadcasting Equipment for the 
Union of South Africa. An order for 
what is probably the largest number of 
high-power broadcasting _ transmitters 
ever placed in Britain has been awarded 
to Marconi’s Wireless Telegraph Co. 
Ltd. These transmitters will give com- 
plete broadcasting coverage to the Union 
of South Africa. The network of nine 
20kW high-frequency transmitters will be 
centred on one site. 

The new system will be additional to 
the existing medium frequency _trans- 
mitters already serving part of the Union. 
and the new transmitters will be installed 
at Paradys near Bloemfontein. 


Temporary Low-Power _ Television 
Stations at Pontop Pike and _ near 
Belfast are to be installed by the BBC 
so that viewers in the neighbourhood 
of these stations may have television in 
time for the Coronation. 

The BBC’s plan for five permanent 
medium-power stations is still deferred 
by the Government, but at the two sites 
Mentioned it is proposed to use tem- 
porary transmitters having a power of 
IkW (vision) and +kW (sound). These will 
Not give the range and quality that will 

ultimately obtained from the perma- 
nent medium-power stations and there 
will be a greater risk of breakdown. 

The transmitter at Pontop Pike is 
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expected to serve about one million 
people within a radius of some 20 miles, 
which includes Tyneside; the trans- 
mitter in Northern Ireland will serve 
about half a million people in the city 
of Belfast and its immediate surround- 
ings. 

The transmissions from both stations 
will be horizontally polarized. The 
frequencies used at Pontop Pike will be 


vision 66:75Mc/s, sound 63:25Mc/s 
shared with Wenvoe, and those at 
Belfast; vision 45:0Mc/s and sound 


41.5-Mc/s, shared with Alexandra Palace. 


1953 Radio Show. The Radio Indus- 
try Council announces that provisional 
dates for the 20th National Radio Show, 
1953, to be held at Earls Court, London, 
are September 1 to 12. 


The Aeronautical Division of Marconi’s 
Wireless Telegraph Co., Ltd. has been 
expanded and reorganized to meet the 
increasing demand for specialized wire- 
less equipment for aeronautics. The 
division was formed as a separate unit 
for the company after the first World 
War, and Mr. L. A. Sweeny has been its 
manager since 1936, with the exception 
of service with the Fleet Air Arm 
between 1942 and 1946. 


To meet with the -reorganization, 
Dr. 3B. J. OKane, PhD: BEne:. 
A.M.LE.E., was appointed Chief 


Air Radio Engineer as from October Ist. 


Erratum. Mr. D. A. Levell. the author 
of “A Hard Valve Pulse Generator”, 
published in the November issue of 
ELECTRONIC ENGINEERING, has called our 
attention to an error in the component 
values given on p. 508. These should 
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BINDING OF VOLUMES 
Arrangements for the binding service started 
last year are being continued this year, and 
the 1952 volume can be bound at an inclusive 
charge of £1. 

Copies will be bound, complete with index and 

with advertising pages removed, in a good 

quality red cloth covered case blocked in gold 
on the spine. 

Home and Overseas readers who wish to 

have their copies bound are asked to comply 

with the following instructions :— 

(1) Tie the twelve issues (January to 
December, 1952) securely together before 
parcelling. 

(2) Enclose a remittance for £1 and a gummed 
label bearing the sender’s name and 
address. 

(3) Enclose the copies, remittance and label 
in a closed parcel and address to :— 

The Circulation Dept. (E.E. Binding), 
28, Essex Street, Strand, London,;W.C.2. 
(No other correspondence is necessary.) 


+ * * 


The following are also available from our 

Circulation Dept. :— 

A limited number of Bound Volumes for 
1951 and 1952. Price, Two Guineas, post 


ree, 

Binding Cases for twelve issues. Price 5s., 
postage 6d. 

The Index for Volume XXIV (1952) free, 

** Easibind” Cases for binding current 
issues, or complete volumes. Price 12s. 6d., 
postage 6d. 
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PUBLICATIONS 
RECEIVED 


VALVES AND TUBES FOR INDUSTRY AND 
COMMUNICATIONS is designed to provide elec- 
tronic equipment designers with a convenient 
guide to the range of Mullard valves and tubes 
recommended for communication and _ industrial 
In addition to abridged data on all 
includes general 
guide to 


applications. to ; 
available types, this publication 
operational recommendations and a 


American (R.T.M.A.) types replaceable by 
Mullard valves. It is issued by the Communica- 
tions and Industrial Valve Department of 
Mullard Ltd., Century House, Shaftesbury 
Avenue, London, W.C.2. 

TYPES AND GRADES OF_ BAKELITE 


PHENOLIC MOULDING MATERIALS has been 
rewritten to provide a second edition. The booklet 
mentions new materials introduced during the last 
five years, and describes selected moulding mat- 
erials of each grade. Of interest to our readers 
are the sections on: crack resistant materials for 
moulding round metal inserts; low loss and tropical 
clectsient moulding materials, and those for elec- 
trically conducting or heat resistant mouldings. 


| The booklet is well presented and includes an 


index. Bakelite Ltd., 18, G:osvenor Gardens, 
zh. 


London, S.W 


A.C. TO D.C. BY WESTINGHOUSE METAL 
RECTIFICATION is a publication giving general 
instructions for the use and application of 
Westinghouse copper-oxide and Westalite recti- 
fiers. This book is well produced and presented, 
and contains a great deal of useful information on 
performance, circuits, loads, classification of 
applications of metal rectifiers, etc. Westinghouse 
Brake and Signal Co. Ltd., 82, York Way, 
King’s Cross, London N.1. 


TECHNOGRAPH PRINTED CIRCUITS is an 
attractively produced booklet describing the 
Technograph system for manufacturing printed 
circuits. It outlines various applications and com- 
pares the printed circuit with conventional 
methods. A brief review of the economic advan- 
tages is also given. Technograph Printed Circuits 
Ltd., 32 Shaftesbury Avenue, London, 


RADIO INDUSTRY COUNCIL’S SPECIFICA- 
TIONS. The third sections of three R.I.C. Speci- 
fications have been issued recently, and are for 
the following: resistors, fixed. wirewound, non- 
insulated (Specification No. RIC/It1); resistors, 
rotary variable, composition track, with or without 
switches (Specification No. RIC/122), and capaci- 
tors, fixed, ceramic dielectric, grade 1 (Specifica- 
tion No. RIC/133). These sections can be obtained 
from the RI.C., 59, Russell Square, London 
W.C.1., price 5s., Is. 6d., and 3s. respectively, 
post free. Complete specifications are also avail- 
able price 9s., 5s., and 8s. respectively 


PHOTOCELLS FOR INDUSTRIAL APPLICA- 
TIONS has recently been issued by the Communi- 
cations and Industrial Valve Department of 
Mullard Ltd., Century House, Shaftesbury Avenue, 
London W.C 2. This booklet has been enlarged 
and revised, and serves us a guide to the use of 
the Mullard range of emission photocells developed 
for industrial applications. It contains notes on 
the principles of operation of both vacuum and 
gas-filled cells, together with characteristics, data 
and suggested applications. 


THE MANCHESTER PUBLIC LIBRARIES 
PATENTS is a brief guide to the patents collec- 
tion in the Technical Library, compiled by J. E 
Wild. It contains: information on_ patents 
searches, including U.S., German and Common- 
wealth patents; instructions to applicants for 
patents: a list of period’cals containing patents 
abstracts, and of books on patent law. 


W. EDWARDS AND CO. (LONDON) LTD. 
LEAFLETS NO. E.112/1, C.103/1, AND 
A.116/1, on vacuum pumping units, ‘* Circseal 
glass joints and ‘‘ Speedivac ’’ educational equip- 
ment respectively, were issued recently. The first 
describes three main types of outfit; mobile units, 
combined rotary and diffusion pump units and 
cabinet mounted pumping systems. The second 
deals with a range of precision ground glass 
joints incorporating several new design features, 
while the third details a specially designed schools 
apparatus enabling twenty basic physies experi- 
ments to be demonstrated. W. Edwards and Co. 
(London) Ltd., Worsley Bridge Road, Lower 
Sydenham, London, S.E.26. 
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Meetings this Month 


THE BRITISH INSTITUTION 
RADIO ENGINEERS 


Date: December 10. Time: 6.30 p 
Held at: London School of Hygiene a Tropica! 
Medicine, Keppel Street, London, bo | 
Lecture: The Production of Television Receivers. 
By: Frank Allen. 
Scottish 
Date: December 4. 
Held at: Department 
University, Edinburgh. 
Lecture: The London to Kirk o’Shotts Television 
Cable/Radio Link System. 
By: J. H. H. Merriman, M.Sc. 
West Midlands Section 
Date: December 9. Time: 7.15 p.m. 
Held at: Wolverhampton and Staffordshire Tech- 
nical College, Sulfruna Street, Wolverhampton. 
A programme of Technical Films. 


North-Eastern Section 

Date: December 10. Time: 6 p.m. 

Held at: Institution of Mining and Mechanical 
Engineers, Neville Hall, Westgate Road, New- 
castle-upon-Tyne. 

Lecture: The Development of 
Electronics Industry in India. 


OF 


p.m. 
of Natural Philosophy, 


the Radio and 


By: G. D. Clifford. 
Merseyside Section 
Date: December 18. Time: 7 p.m 
Held at: The Merseyside and North Wales Elec- 
tricity Board Service Centre, Whitechapel 
Liverpool. 
Lecture: The Technique of Frequency Measure- 


ment in Telecommunications. Part II 


By: H. Hipple, A. Phipps. 
BRITISH KINEMATOGRAPH 
SOCIETY 


Date: December 10. Time: 7.15 p 

Held at: Gaumont-British Theatre, Film , 
Wardour Street, London, a ¥ 

Lecture: The Quality of Television and Kinemato- 
graph Pictures. 


By: C. Jesty, B.Sc., M.I.E.E., and N. R. 
Phelp. 
BRITISH SOUND RECORDING 

ASSOCIATION 

Date: December 19. Time: 7 p.m. 

Held at: Royal Society of Arts, John Adam 
Street, London, de B 

Lecture: Equalisers, Filters and Tone Control 
Systems. 

By: N. H. Crowhurst, A.M.I.E.E. 

Date: December 15. Time: 7.15 p.m 

Held at: Engineers’ Club, Albert Square, “Man- 
chester. 

Lecture: Mechanics of Hearing. 

By: J. ohn 


THE INSTITUTE OF PHYSICS 
Electronics Group 
Date: December 9. Time: 5.30 p.m 
Held at: 47 Belgrave Square, London, S W. 1 
Lecture: Xero-Radiography. 


By: W. D. Oliphant, F.Inst.P. 

Industrial Radiology Group 
Date: December 12. Time: 6.30 p.m 
Held at: 47 Belgrave Square, London, S.W. 1. 
Lecture: Science in Industry. 
By: R. Carr, 


South Wales Branch 
Date: December 6. Time: 2 p.m. 
Held at: University College, Swansea. 
Branch Annual General Meeting followed by 
‘ag Some Properties of Electrical Contacts. 
By: . A. Fairweather. 

North-Eastern Branch 
Date: December 2. Time: 6.15 p.m. 
Held at: King’s College. Newcastle-upon-Tyne. 
Lecture: Some Aspects of Transistor tor Physics. 
By: Dr. H. K. Henisch, A.Inst.P 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS 
London meetings, unless otherwise stated, 
be held at the Institution, commencing at 
p.m. 
ttenned Meeting 
Date: December 8. 
Discussion: The Maintenance of Electrical Equip- 


ment. 
Opened by: R. H. Cobbold, B.A. 


All 
will 
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Radio Section 
Date: December 15. 
Discussion: How to Plan a Radio Project. 
Opened by: J. Thomson, M.A., Ph.D., D.Sc. 
Date: December 
Lecture: A Survey of Present 
Thermionic Emitters. 
By: D. A. Wright, B.Sc. 
Measurements Sectien 

Date: December 2 
Discussion: Recording Instruments. 
Opened by: W. Bamford, B Sc.(Eng.). 

Education Discussion Circie 
Date: December 10. 


Knowledge of 


Discussion: The BBC School, Evesham, and 
The Post Office School, Stone. 
Opened by: K. R. Sturiey, Ph.D., B.Sc., and 


H. R. Harbottle, O.B.E., B.Sc. (Eng.). 
East Midland Centre 
Date: December 5. Time: 6.30 p.m. 
Held at: Albert Hall, Nottingham. 
Faraday Lecture: Light from the Dark Ages, or 
the Evolution of Electricity Supply. 
By: A. R. Cooper. 
Cambridge Radio Group 
Date: December 9. Time: 8.15 p.m 


_ at: Cavendish Laboratory, Cambridge. 
: R. Theile, Dr. Phil. 
Merseyside and North Wales Centre 
Date: December 1. Time: 6.30 p.m 
Held at: Liverpool Royal Institution, Colquitt 
Street, Liverpool. 


Discussion: The Impact of Television on Sound 
Broadcasting. 

Opened by: G. Parr, B.Sc. 

North-Eastern Radio and Measurements Group 

Date: December 1. Time: 6.15 p.m. 


Held at: King’s College, Newcastle-on-Tyne. 

Lecture: Harmonic Response Testing Apparatus 
for Linear Systems. 

By: D. O- Burns, B.Sc.(Eng.). and C. W. 
Cooper, B Sc.(Eng.). 

Tees-Side Sub-Centre 

Date: December 3. Time: 6.30 p.m 

Held at: Cleveland Scientific and Technica! 
Institute. Middlesbrough. 

Lecture: Post-Graduate Activities in Electrical 
Engineering. 

By: W. J. Gibbs, M.Sc.(Eng.), D. Edmundson, 
B.Sc.. R. G. A. Dimmick, B.Sc., and G. S$. C 
Lucas, O.B.E. 

North Midland Centre 
Date: December 2 Time: 6.30 pm. 


Held at: Huddersfie'd Training College, 
Street South, Huddersfield. 

Discussion: Technique of Teaching. 

Opened by: A. Machennan. 

(Education D'scussion Circle Meeting.) 


Queen 


Date: December 9. Time: 6.30 p 

Held at: Offices of the British Electricity 
Authority, 1 Whitehall Road, Leeds. 

Lecture: Post-Graduate Activities in Electrical 
Engineerin: 

By: W. J. Gibbs, M.Sc.(Eng.), D. Edmundson, 
B.Sc., R. G. A. Dimmick, B.Sc , and G. S. C 
Lucas, O.B.E. 


North-Western Centre 
Date: December 3. Time: 6.15 p.m. 
Held at: Engineers’ Club, 17 Albert Square, 
Manchester, 2. 
Lecture: Electronic Telephone Exchanges. 
By: T. H. Flowers, M.B.E.. B.Sc.(Eng.). 

(Joint Meeting with the North-Western Centre of 
the Institution of Post Office Electrical Engineers.) 
North Scotland Sub-Centre 

Date: December 3 Time: 7.30 p.m. 


Held at: The Caledonian Hotel, Inverness. 
Chairman’s Address. 
By: L. B. Perkins, B.Sc. 

South-East Scotland Sub-Centre 
Date: December 17 Time: 7 p.m. 
Held at: Heriot-Watt College, Edinburgh. 
Lecture: Microwave Radio Links. 


By: A. T. Starr, M A., Ph.D., 

B.Sc.Tech. 
South-West Scotland Sub-Centre 

Date: December 2. Time: 6 p.m. 

Held at: Institution of Engineers ad Shipbuilders, 
39 Elmbank Crescent, Glasgow. 

Lecture: An Account of, and Discussion on, the 
CI Conference, Paris, 1952. 

By: A. S. Husbands, B Sc., and W. L. og B.Sc. 

Date: December 16. Time: 6 

Held at: Institution of Engineers and Shipbuilders, 

lasgow . 
Lecture: Microwave Radio Links. 


and T. H. Walker, 
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By: A. T. Starr, M.A., Ph.D., and T. H. 
Walker, B.Sc.Tech. 
South Midland Centre 
Date: December 1. Time: 6 p.m 
Held at: James Watt Memorial Institute, Great 
Charles Street, Birmingham. 


Lecture: Colour Television: Some Subjective and 
Objective Aspects of Colour Rendering. 
By: G. T. Winch. 
(Joint Meeting with the South Midland Radio 
Group.) 
South Midland Radio Group 
Date: December 1. ime: 6 p.m. 
See South Midland Centre Lecture. 
ay Sub-Centre 


Date: December Time: 6.30 p.m. 

Held at: aby a of Technology and Arts, 
Rugby. 

Lecture: Electricity in Newspaper Printing. 


By: A. T. Robertson. , 
Date: December 5. Time: 6.30 p.m 
= Rugby College of Technology and Arts, 


fester ‘Lecture: Light from the Dark Ages, or 
the Evolution of Electricity Supply. 
By: A. R. Cooper. 
Southern Centre 
Date: December 10. Time: 6.30 p.m 
Held at: The Dorset Technical College. Weymouth. 
Lecture: Principles of Colour Television. 
By: J. H. Mole, : 
West Wales (Swansea) Sub-Centre 


Date: December 11. Time: 6 p.m. 
Held at: Central Public Library, Swansea. 
Lecture: Standardization and Simplification in the 


Electrical Industry. 
By: J. T. Moore, B.Sc. 


THE INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date: December 5. Time: 5 p.m. 

Held at: The Institution of Electrical Engineers, 
Victoria Embankment, London, J 

Lecture: The London- Wenvoe Experimental Radio 
Link for Television. 

By: W. J. Bray, M.Sc.(Eng.), A.M.LE.E., R. L. 
edie. A.MI.E.E.,. and R. W. White, B.Sc., 
F.Inst.P., A.M.LE.E. 


THE PHYSICAL SOCIETY 


Low Temperature Group 

Date: December 4. Time: 5 

Held at: The Science Museum, South aaeiea on, 
London, S.W.7. 

Annual General Meeting, and 

Lecture: Low Temperature Physics. 

By: Professor F. E. Simon. 

Acoustics Group 

Date: December 8. Time: 5 p.m. 

Held at: The Science Museum, South Kensington, 
London, S.W.7. 

Lecture: Methods of Measurement of Elasticity 
of Solids. 

By: G. Bradfield. 


PRESENTATION OF TECHNICAL 
INFORMATION DISCUSSION 
GROUP 

Date: December 12. Time: 6 p 

Held at: Anatomy Theatre, “etl nay ‘College, 
London. : 

Annual General Meeting and Conversazione. 


RADIO SOCIETY OF GREAT 
BRITAIN 


Date: December 19. Time: 6.30 p.m 

Held at: The Institution of _ Engineers, 
Savoy Place, London, 

Annual General Meeting. 


THE TELEVISION SOCIETY 


Date: December I1. Time: 7 p.m. 
Held at: C.E.A., 164 Shaftesbury Avenue, London, 
W.C.2 


Lecture: The Television Society’s Transmitter— 
Part 1. 

By: H. Banting, H. Fairhurst. 

Date: December 17 


Time: 7 p.m. 
164 Shaftesbury RE ny London, 


aed C. Banthorpe. 


Held at: C.E.A., 
W A.2. : 
Lecture: The Television Society’s Transmitter— 


art 2. 
By: °C. Banthorpe, D. N. Cornfield, and F. A. 
Dedman. 
Leicester Centre 
Date: December 8. Time: 7 p 
Held at: Leicester College of Sidnieeinee 
Lecture: Electrostatics and Their Applications to 
the Field of Television. 
By: A. Chadfield. 
Bristol and South-Western Centre 
Date: December 


Held at: Carwardines, Baldwin Street, Bristol. 

Lecture: The Television Society’s 405 Line Trans- 
mitter. 

By: H. de Laistre Banting. 
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For the measurement of the magnification factor 


S of inductors or the phase defect of capacitors 
Q and tan 


by bridge or resonance methods 
I kc/s or 50 Mc/s 


at 1000 c/s — UNIVERSAL BRIDGE Type TF 868. 


For measurements up to 50 megacycles — CIRCUIT 


MAGNIFICATION METER Type TF 329G. 










TF 329G 


OPERATING FREQUENCIES: 50 kc/s to 50 Mc/s 
DIRECT MEASUREMENT RANGES 


Q: 10 to 500 

Tan 6: 0 to 0.1 

Capacitance: 0 to 4l6u.uF 

Inductance and resistance may be determined 
indirectly ; for measurements at frequencies 
up to 170 Mc/s, use H.F. Circuit Magnification 
Meter Type TF 886A. 





TF 868 


OPERATING FREQUENCY: I kc/s 
DIRECT MEASUREMENT RANGES 


Q: 0.1 to 10 (= 10 to 0.1 tan §) 
Tan 4: 0.001 to 0.1 ( — 1000 to 10Q) 
Capacitance: IuuF to 100uF 
Inductance: I.H to 100H 
Resistance: 0.10 to IOMQ (d.c.) 


May we send you our 44 page booklet “‘ Measurement by Q Meter”? 


MARCONI instruments 


SIGNAL GENERATORS + VALVE VOLTMETERS - FREQUENCY STANDARDS - OUTPUT METERS - WAVE METERS + WAVE ANALYSERS + BEAT FREQUENCY OSCILLATORS 


MARCONI INSTRUMENTS LTD - ST. ALBANS - HERTS © Telephone: St. Albans 6161/7 


Midland Office: 19 The Parade, Leamington Spa. Northern Office: 30 Albion Street, Hull 
Export Office: Marconi House, Strand, London, W.C.2 
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FINE GAUGE-LONG LENGTHS 


Although the spider may have 

pioneered the production of a fine 

gauge strand of continuous length we 

have added refinements of our own. 

Our speciality is Resistance Wire manu- 

factured in long lengths to reduce your 

operational changes. Our normal range 

covers gauges down to 50 s.w.g. to customers’ 

specifications, but even finer gauges, equally 

consistent in uniformity and accuracy, are 
available on application. 


LONDON AGENT: Cotsil, Ltd., Uy, |/ 
80 Mortimer St., London, W.1. 
Telephone: Langham 1071/2. 


FOR CONSISTENCY 








Glass-to-metal Seals 


The present abnormal conditions of supply have placed 
increased emphasis on the correct choice of constructional 
materials. As an example, the Nilo range of nickel-iron alloys 
provides a range of compositions each having distinctive 
characteristics and developed to meet a specific requirement. 


We believe that our revised publication, which includes 
tabular data on the properties of the various grades of alloy, 
together with examples of their industrial use, will prove a 
useful guide to the selection of the correct grade of material. 


May we send you a copy? 


HENRY WIGGIN & COMPANY LIMITED 
Wiggin Street, Birmingham 16 
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Grinding Mullard ‘ Ticonal’ permanent 
magnets to required size. 


MAGNETIC MATERIALS Extensive research and 
manufacturing facilities have established Mullard as the leading 
producers of magnetic materials. They were the first, for example, to 
introduce Ferroxcube, the world’s most efficient magnetic ferrite; 
‘ Ticonal’ anisotropic permanent magnets, renowned for their high 
stability and high energy output; and Ferroxdure, an entirely new 
type of permanent magnet with the insulating properties of a ceramic. 

The wealth of experience gained from these developments is 
available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a team 
of specialised engineers at your disposal. 


Mullard 


* TICONAL’ PERMANENT MAGNETS - FERROXDURE PERMANENT MAGNETS 
FERROXCUBE MAGNETIC CORE MATERIAL 


MULLARD LTD,., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 
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ATE/TMC 


OPEN WIRE AND CABLE 
LINE TRANSMISSION EQUIPMENT 





Ompactness. . . 


combined with accessibility are features of this carrier 


telephone equipment. 

The modulators, demodulators, band-pass filters and 
demodulator amplifiers for three sub-groups of four 
channels, are mounted on one side of the 10’ 6” bay, in 


addition to a meter panel and a link panel. 


Right: Channel bay of a 12-channel system for use on cable 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 


Radio and Transmission Division: STROWGFR HOUSE, ARUNDEL STREET, LONDON, W.C.2 
Telephone: TEMple Bar 9262 Cablegrams: Strowgerex, London 


Manufacturers: 
AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. - - + + = Liverpool and London 
TELEPHONE MANUFACTURING CO. LTD. - + + © © = - St. Mary Cray, Kent 


4b. 8451-Bl05 
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| Brioce Detectors — 


BRIDGE OSCILLATOR AND 
DETECTOR TYPE 703 


@ Oscillator Frequency : 1,500 c/s. 
| @ Oscillator Output : 100 milliwatts. 


@ Output Impedance: High 3,000 ohms. 
Low 100 ohms. 


@ Amplifier Sensitivity: Low Impedance: 40 
microvolts for 10% 





| f.s.d. 
| High Impedance : 200 microvolts for 
10% f.s.d. 
@ Indication : Both meter and phones. 
@ Input Impedance : High : 1,500 ohms —- Low : 60 ohms. 


1,000 : 1 ratio arms, and a correspondingly greater accuracy 


| 

| 

] @ Accuracy : A reading accuracy of 1% is obtainable on bridges using 
1| 

| 

| where smaller bridge ratios are employed. 


BRIDGE HETERODYNE 
DETECTOR TYPE 775 


@ Frequency Range : 6.5 to 751 kce/s. 














Audible note in phones for | microvolt input. 
@ Input Conditions : Transformer having screened and floating primary 
| winding. 
| @ Attenuation : 0 to 60 db in 20 db steps. 


@ Beat Frequency: 1 kc/s. 

| @ Selectivity : Not less than 30 db 
discrimination at 1 ke/s 
i} off tune. 

| | 
| @ Sensitivity : Readable meter deflection for 5 microvolts input. 


| 
| 
| 
0 to 20 db slidewire. 
Full details of these or any other Airmec instruments will be forwarded gladly upon request. | 


AirnmMeEc LIMITED 


| 
| HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND 
ween Tel.: HIGH WYCOMBE 2060 Cables: AIRMEC HIGH WYCOMBE 
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Standard Telephones and Cables Limited 


Registered O ffice : Connaught House, Aldwych , London W.C.2 
RADIO DIVISION: Oakleigh Rd., New Southgate, London, N.II 
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STEREOPHONIC AMPLIFIER 


HE Stereophonic amplifier Mk. VII according to users gives 
a¥ the highest quality of any reproducer so far produced. This high 
quality is to be expected when the particular points are considered. 

The large reduction of intermodulation distortion and Dopler 
effect is achieved by completely separate amplifier channels for 
the high and low frequencies terminating in separate speakers. 
Che latter may be separated by any convenient distance to prevent 
pressure wave modulation and it is unnecessary to restrict the 
bass to prevent marring treble. 

In each case the speaker is damped by a minimum of 12 times 
at audible frequencies to prevent speaker resonance, and the cross- 
over is very fast, approximately 28 db for the first octave. A control 
is provided to vary the power applied to the treble speaker, to 
compensate for its efficiency compared with the bass speaker and a 
frequency record reveals the absence of dip or rise in output at 
crossover frequencies. 

The treble control gives 20 db lift or 14 db cut from 3,000 cycles 
and compensates for long playing records and various American 
and English recording characteristics. 

The small improvements in the latest model amplifier result in 
reproduction which is extermely good and capable of pleasing all 
tastes. 


3-WAY MIXER & peak programme meter 


for recording and large sound installations etc. 


One milliwatt output on 600 ohm line (.775 V) for an input of 30 
microvolts on 7.5—30 ohm balanced input. Output balanced or 
unbalanced by internal switch. The meter reading is obtained 
by a valve voltmeter with 1 second time constant, which reads 
programme level, and responds to transient peaks. 

Calibration in 2 db steps, to plus 12 db and minus 20 db referred 
to zero level. Special low field internal power packs supplies 8 
valves including stabilising and selenium rectifier, consumption 
23 watts. 


Manufactured by 


VORTEXION LIMITED 


257—263 THE BROADWAY, WIMBLEDON, LONDON, S.W.19 


Phones : LIBERTY 2814 & 6242-3 Grams : “ VORTEXION, WIMBLE, LONDON.” 
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DATA SHEET No. 4. 


EVERSHED SINGLE PHASE (CAPACITOR START AND 


RUN) AND THREE PHASE A.C. MOTORS 





F.H.P. MOTORS 


















































i 
AHIGH RESISTANCE ROTOR 7 
a ee \ 
ul LOW RESISTANCE ROTOR 
2 alt 
41 ) 
$ | C SYNCHRONOUS 
he = 
3 
a 
oO 
=< 
S 
La ass renee ee 
0 SPEED 3,000 (50 ) 
3600 (60x } 


CHARACTERISTIC CURVES FOR ASYNCHRONOUS MOTORS 


Motors are rated for a temperature rise of 55°C 
in free air. Write for publication €E.£.22, giving 


details of Evershed’s range of small motors. 


























; Torque Speed w 
rame t Max.. a atts 
Size Type Voltage Phases | Frequency nine Shechaies _ Ane’ Characteristic Output 
oz. ins. oz. ins. r.p.m. 
FC 31/0 , ae ate 
FC 32/0 Asynchronous 230 1 50 2°5 - a 
FC 33/0 : , , 
FC 34/0 Synchronous 230 | 50 1:0 0:75 3000 c i d 
FC 35/0 : , . 
FC 36/0 Asynchronous 230 I 50 3 2:0 2500 b 40 
FE 16/C | Synchronous 230 ! 50 60 60 3000 c 13°5 
FE 17/A | Synchronous 50 3 50 40:0 90 3000 c 20-0 
FE t8/C | Asynchronous 230 | 50 9-0 21-0 2650 b 42:0 






































EVERSHED AND VIGNOLES LIMITED 


ACTON LANE WORKS - CHISWICK - LONDON > W.4 


EVERSHED 


Telephone: Chiswick 3670 + Telegrams: Megger, Chisk, London + Cables: Megger, London 
6/874 
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MIWA 


MAGNETIC RECORDING TAPE 


USED BY THE B.B.C. AND BROADCASTING ORGANISATIONS 
THROUGHOUT THE WORLD 














@ EMITAPE is the outcome of 50 years 
of unequalled experience in the Science 
of Sound Recording. 

@ EMITAPE is manufactured by E.M.1. 
(the Group which produces H.M.V., 
Columbia and Parlophone records ). 

@ Two types of EM/TAPE are available, 

High Coercivity and Low Coercivity in 
600 fi. and 1.200ft. lengths wound 

with the oxide inside or outside on 

S” and 7” spools. For profes- 
sional users 114” European 
Spools (cap. 3,250 ft.) 
and NAB Spools ( cap. 
2,400 ft.) are available. 





@ full details of Emitape are 
available through dealers 


or direct from Sales Dept. 


E.M.I. FACTORIES LTD. 


HAYES : MIDDLESEX 








EF Ube 
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METAL BONDING WITHOUT PRESSURE 


“ARALDITE? type 1 


—A Hot-Setting Synthetic Resin with outstanding 
adhesive properties 


MADE IN OUR DUXFORD FACTORY—DELIVERY FROM STOCK 








WHAT IS ‘ARALDITE’? 

‘Aaldite’ Type 1 is a completely new synthetic resin 
developed as a_ hot-setting adhesive primarily for 
bonding metals. It is available in rods about 11 in. 
long and as a powder. Both forms are supplied in two 
colours: “natural”, which gives a very light brown 
shade, and “‘silver’’, which imparts a metallic tint to 
the bond. For use when gap-filling properties are not 
required, ‘Araldite’ Type 15, a hot-setting solution, is 
recommended. A cold-setting form of ‘Araldite’ is 
also available. 


HOW IS IT APPLIED? 
The surfaces to be bonded are first heated to 100 
120°C. The ‘Araldite’ rod is then rubbed (or the 
powder is sprinkled) on the surfaces, when the resin 
will melt and flow with ease. Curing. requires the 
application. of heat alone. Light clamping or a simple 
jig suffices to hold the surfaces in contact. No skilled 

labour is required, 


CURING TIMES? 
These range from approximately 10 minutes at 240°C. 
to 7 hours at 140°C. and proportionately longer at 
lower temperatures. 


‘Araldite’ bonds possess unusually high mechanical 
strength under both static and dynamic loading. They 
are resistant to high humidity and to common organic 


solvents. 





These ‘Araldite’-bonded bicycle forks were tested to des- 
truction. Note that the metal has fractured, not the joint. 


OTHER APPLICATIONS? 
‘Araldite’ Type 1 produces excellent bonds with 
porcelain, china, mica, quartz, ete., provided proper 
attention is paid to differing coefficients of thermal 
expansion. Because no water or other volatile sub- 
stance is evolved during setting, ‘Araldite’ is especially 
recommended for bonding non-porous materials. 


CORROSION? 
‘Araldite’ does not cause corrosion and light alloys 
can be anodised before or after bonding. 





High strength and durability are features of ‘Araldite’. 
Here, Type 1 adhesive is used to bond metallic ferrules to 
Mycalex insulator rods for high-voltage apparatus. 


NOTE 


‘Araldite’ (Regd.) is also available in the 
form of a Surface Coating Resin (which is 
particularly suitable for protecting light 
alloy castings from corrosives) and as a 
Casting Resin with adhesive and electrical 
properties that afford many uses in the manu- 
facture of radio and electrical components. 


Further details will be supplied gladly on application. 


AERO RESEARCH LIMITED 


A CIBA COMPANY 


DUXFORD - CAMBRIDGE 
Phone: SAWSTON 187 
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ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E£.17 LARkswood 4366/7/@ 


Advance 


audio signal generator 


Here is the latest in the pedigree line of 
Advance Signal Generators — the Type J.1. 
This new model completely covers the wide 
range of 15 c's to 50,000 c/s in three ranges, 
with an accuracy of + (2% + 1 /s). Output 
(continuously variable) into 600 ohms, 0.1mW 
- Iw (0.25 - 25v) + 2 db, the output impedance 
approximating to 600 ohms over the whole 
range. Max. output into 5 ohms is greater 
than 4 watt. A 20 db attenuator may be 
switched into use when a very accurate output 
impedance is required. 

The total harmonic and hum content as 
compared with fundamental above 100 c/s 
is better than 34 db down (2°%,) at full output, 
and better than 4o db down (1°,) at 0.1 watt. 








Weight 20 ib. Size 134" — 10}" « 8}’ 


THE TYPE JI. 
AUDIO SIGNAL GENERATOR 


WIDE RANGE 


LOW DISTORTION 


i WATT OUTPUT 
INTO 600 2. OVER 
ENTIRE RANGE 


Full technical details 
available in Folder S/i7L 





ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, €.17 LARkswood 4366/7/8 
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CONTROL 


{ % 

Sampling is a regular test procedure. Accelerated and accentuated EEE i‘ ‘ny 
routines have been developed over many years of specialization. In the Th 
manufacture of resistors, relatively high processing and working temperatures j 8 a 
introduce distinct problems of a unique character, to control which, special QZ ‘. 
test and control equipment is used. Humidity, pressure and spray ~—* 

chambers : life-test panels for continuous, pulsed and overload power runs: |° Si kaas 
laboratory resistance bridges : surface-temperature pyrometers—all devised oH ibs at : 
and employed to ensure maximum reliability and ae 

stability and is evidence of our insistence upon ilk ® : i 
100%, efficiency throughout daily production. ; ¥ I ite 
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Depending upon the duty of a resistor, special 
protective coatings are available : 
VITREOUS - CEMENT - SILICONE - LACQUER 
Full information on the application of ERG Wire 
Wound Resistors is to be obtained from our London 


Sales Office: 10 Portman Square, London, W.1. 4 
(Welbeck 8114.) 


SV 


Hi 
Type Approved for all Service Departments 


ERG INDUSTRIAL CORPORATION LTD - MATTHEW STREET DUNSTABLE - BEDS 








PERMANENT 
MAGNETS 


A COMPLETE SERVICE — 





ADVISORY AND SUPPLY — 
FOR SPECIALISED INDUSTRIES 





‘a The most efficient method of 

using the high energy Permanent 
Magnet materials in the manu- 
facture of Loud Speakers is 


<=" DARWIN LTD 


TINSLEY SHEFFIELD - 


iia 


D27/A. 
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Kerr 


VIDEO FREQUENCY OSCILLATOR 


TYPE 0222A 


now covers 10Kc/s — 10Me/s 


Model 0222A is introduced to meet the demand for 
an oscillator reaching 10 Mc/s. It is an improved 
version of the 0222 which it supersedes. All the 
outstanding features of the original model are 
retained, including low harmonic content and 
exceptional stability of frequency and amplitude. 








Frequency Range Frequency Accuracy: Output Impedance 
10 Kc/s—10 Mc/s in 6 ranges m% 
Frequency Stability : Output: Total Harmonic Content: 
less than 1 in 103 in 1 hour +10 db to —50dbon1Vp—p less than 1% 


75 ohms 


Amplitude constant to within = 4db at any frequency setting 





THE WAYNE KERR LABORATORIES LIMITED + NEW MALDEN SURREY 


UNITED INSULATOR CO. LTD. OAKCROFT RD. TOLWORTH - SURBITON - SURREY 
TELEPHONE: ELMBRIDGE 5241 CABLES: CALANEL, SURBITON 
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MOLY eR yp icROOUN. | 


(Patents U.K., 
' US., etc.) 


TWO SPEEDS - SINGLE CONTROL 
FREE OF BACKLASH 


Accuracy of scale reading 100% 


: - Coarse searching speed plus fine 
Moly’ is New! and stands setting control. 

for Ragosine Molybdenised 
Lubricants . . . introducing in commercial form the 
amazing advantages of Molybdenum Disulphide for ; 
all difficult lubrication purposes. This new range Spring-loaded gears with auto- 
iall d fi h matic take-up of any wear or 
is specially prepared for use where remote con- play between primary and 
ditions do not allow conventional lubricants to be secondary drives. 
applied ... where bearing pressures are beyond the 


Single control knob displaced 
axially to select the speed ratio. 


Pointers geared directly to 
capacity of conventional lubricants... where danger centre spindle. 


of scoring, galling, scuffing or seizing exists . . . for 


difficult metal forming operations and application clutch obviates overdriving. 
to cutting edges and dies to reduce wear. 


Security in operation: friction 





NUMBER EFFECTIVE 
OF DIAL SCALE 


| MARKINGS LENGTH COARSE FINE 
| : 1,000 3.3 feet : : 120 
1,000 3.3 feet : ‘ 
ss | 2,000 6.6 feet : : 
| 2,000 6.6 feet 
MOLYBDENISED | 66 te 
Oil Loe 
oe LUBRICANTS © TRANSR 


Full details of complete range, prices and packing from 


RAGOSINE OIL CO. LTD., 


Ibex House, Minories, London, E.C.3 
Minerva Works Woodlesford, Nr. Leeds, Yorks. | 


SPEED RATIOS 



































n.d.h. 21337/A 
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FOR HIGH FIDELITY 
RECORDINGS 


Careful design and rigid control in manufacture, provide the critical listener with a reliable 
hard-wearing tape that will help to get the very best results from any tape recorder. 


— MAGNETIC DATA FREQUENCY RANGE 









Nc) A a a 240-260 Oersteds 50 c/s to 10 Ke/s at a 
, Total Remanent Flux . . 0.4/0.5 lines }in. width playing speed of 73 in./sec. 
\ Uniformity throughout a reel ..... +0.§ d.b. 


\ Medium coercivity gives a high signal output with an extended 
high-frequency response, whilst still retaining an easy erasure. 
Signal/noise ratio is high ; transfer and distortion are negligible. 
PLAYING TIMES (per track) 























REELS 17”/SEC 37°/SEC 7%”"/SEC 15"/SEC 
1200 Ft. 120 Min. 60 Min. 30 Min. 15 Min. 
600 Ft. 60 Min. 30 Min. 15 Min. 73 Min. 
300 Fr. 30 Min. | 15 Min. 7$ Min. 3? Min. 

















If you want advice on tape-recording problems, : : 
Ur , 2 ssionz ” di sided spools) now available 
our entire technical knowledge is at your disposal. 2,400 ft professional reels (10}” diameter double sided spools) no 


Write to :— MINNESOTA MINING & MANUFACTURING CO. LTD., 167 Strand, London, W.C.2. Telephone: TEMple Bar 6363 





0 


PRECISION 
METAL PRESSING 


The W.B.G. Organisation was 
established for the production of 
Highest Quality Metal Pressings and 
Stampings in large capacity and, for 
the past half-century, has given 
service to some of the most famous 
names in Industry. 
WE SHOULD LIKE TO SERVE YOU 


WRIGHT, BINDLEY ¢ GELL LIMITED’ 








PERCY ROAD. GREET 


TELEPHONE TELEGRAMS: 


VICTORIA 2295/6/7(PBX) BIRMINGHAM. tl. BINDLEY B’HAM.11 
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UNIVERSAL Type B 
— 60° > al . 
up to 2 kW. 


Q QL 9 QLLLLQQn ag a 
SU) 


eLECTRo®. . 
METHODS 


(OF HENDON) 


VU 


CARTRIDGE Type IB 
0° to 200° C. 
o to 400° C, 
5 amp. rating, 250 volts 











Most types 


—the first name for 
precision aren 


Mel ER MOSIRAS | * a 
Complete technical data of our extensive 
L 


range of Thermostats will be forwarded 7on 
request. The unrivalled experience of our 

ELECTRO METHODS LTD. (Division T1) technicians in the field of temperature 
220 THE VALE, LONDON, N.W.I!. Phone: Gladstone 6611 control is at all times at your service. 


eeeeereereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeees 


SPECIALISTS IN THE MANUFACTURE OF THERMOSTATS, RELAYS AND MAGNETIC AMPLIFIERS 





Extra High Gain, Extra Wide Band — 


Four Nagard Amplifiers recently developed are 
available either as separate units or for use with 


Nagard Oscilloscopes. gier> 
Extra high gain makes these instruments of especial Li 

interest to physiological, chemical and stress wP 

research workers, the exceptional band width | 

being of great assistance in measurements of vibra- D- e 


tion, supersonic and high frequencies. High-speed 
rise time is provided for pulse display. 










A specia low capacity 
probe attachment is avail- 
able for use with amplifier 
Model 103/2, input capacity 
of the probe being less 
than 3 pF. 





NAGAR 


MEDS: 8 
See what you measure 18, Avenue Road, Belmont, Surrey. ViGilant 0345 
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Here's 


the 
answer... 


to your manufacturing problem: 
you require Components to 
resist moisture and corrosion, 
to be light and 
strong, resilient 
and sound proof 


TUBES @ SECTIONS 












Our laminated 
tubes & sections 
combine these characteristics 
with high dielectric properties 
and low price. 

e@ Our technical service will 
gladly co-operate and advise. 


Resinoid & Mica Products -Ltd 





COLONIAL WORKS 28 QUEEN ANNE'S GATE WESTERN HOUSE 
MARY ST - BALSALL HEATH WESTMINSTER AADLAN D ROAD 
BIRMINGHAM 12 LONDON S.W.1 BRISTOL 2 
Tel.: CALTHORPE 1303 Tel.;: WHITEHALL 8892 Tel.: BRISTOL 22906 





L 3520D 


° 
ae 8% ro" 


is the registered trade name for 


MUREX sinteren 4 4 > 


COMPOSITE MAGNETS 


Regd. Trade Name No. 707978 






The Trade Name SINCOMAX has been registered for 
the Sintered Composite Magnets which are manufactured by 
Murex Ltd. The soft iron pole pieces and the magnetic alloy 
are pressed and sintered as an integral unit thus avoiding any 
loss of the flux between magnet and pole. The photomicrograph 
inset shows this transition area magnified 12 times. 





MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM «+ ESSEX « Rainham, Essex 3322 
London Sales Office: Central House, Upper Woburn Place, W.C.1 * Euston 8265 
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It's all plain 
Sailing at 
GOL 


GRIFFITHS, 


EMPIRE WORKS 


GILBART, LLOYD & CO. LTD. 


PARK ROAD . BIRMINGHAM 18 


, SELECTIVE J 
HEAT CONTROL 


With the new Kelvin Hughes Electronic Controller Mk3, the smaller 
industrial organisation can reap the benefit of highly accurate and 
sensitive control without adding to normal maintenance personnel. 
Using a common chassis and unit construction, Kelvin Hughes have 
achieved standardisation on five different instruments, thus reduc- 
ing servicing difficulties and cost to the user. 

The range covers everything from the straightforward two-position 
type, to the proportional, with reset programme control. All are 
designed to protect the plant in the event of failure. Let us send 
you full particulars. 





The New KELVIN HUGHES 
Mark 3 Range 
Electronic Temperature Controllers 











(INDUSTRIAL) LIMITED © 2 CAXTON STREET * LONDON «< 5.W.1. 








Modern machinery and methods keep 
capstan and automatic productions 
and sheet metal pressings flowing 


to you on time, at a price you 


will like. 
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the Seat I iléo Cams 


Throughout the Years . . . Throughout the World... 
Garrard has reigned supreme in producing Turntable 
Units of unsurpassed quality. 






Manufacturers who use Garrard Units in their finest 
instruments always mention them by name in their 
sales specifications. 


























oi MEN dont seem to understand 


the importance of the welfare side from 
THE WOMAN’S ANGLE. 


By the simple depression of a lever THE BARRYWALD 
SANITARY INCINERATOR will automatically and 
effectively destroy sanitary towels, surgical dressings, docu- 
ments, etc., solving a vital and major welfare problem in 
FACTORIES, OFFICES, INSTITUTIONS, etc. 





A The only Incinerator incorporating our Patented 
Safety Devices. 


* BARRYWALD 


Safety 
Automatic Incinerator 


PAT. Nos. : 555062-621085 & CORRESPONDING FOREIGN PATENTS 





Supplied to :— ECONOMICAL 








Admiralty Edison Swan Electric Co. Ltd. EFFICIENT 

Argosy Radiovision Ltd. Metropolitan Police FOOLPROOF Reserted the Cuiledin ef the feral 

Air Ministry English Electric Ltd. INDISPENSABLE eseinstitute of Public Health and Hygiene. 
| B.E.A. J. Gerrard & Son, Ltd. 

Chloride Batteries Ltd. Post Office Telephones SANIGUARD APPLIANCES ea, 

A.C. Cossor Ltd. G.E.C. Ltd., ete. enMAETE 
| oie 62, LONDON WALL, LONDON. £.C.2. 

a Se —— oes Feiephores MONARCH 4922 - 4923 DIVISION OF ALLIEO METALS ALTO 
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ALWAYS ‘“FIT” This may be news to you but it is not 
to thousands of satisfied customers! 








CASTORS 


THE WORLD'S BEST 


Loads up to 30 TONS per castor. Wheel 

diameters from 2” to 44”. All types of 

wheels and head fittings can be selected 

from our range of over 

7,000 TYPES & SIZES 
ASK FOR BROCHURE 


Engineers, Patentees and Sole Manufacturers, 


AUTOSET (PRODUCTION) LTD., Dept. 0, Stour St., B’ham 18 


EST. OVER 30 YEARS. EDG 1143/4 


Please mention ‘' Electronic Engineering’’ ata 






















Secondary emission — 
and temperature — 
REDUCED 





The film formed by ‘dag’ colloidal 
graphite is inert to electron bombardment and minimises 
secondary emission. These properties have led to the 
extensive use of ‘dag’ colloidal graphite for the treatment of 
valve grids and envelopes. The smooth graphite functions 
excellently as a ‘black body’; therefore the substrate on which 
it is deposited is kept at a lower temperature than is the case 
_j with an untreated surface. The treatment is particularly advan- 
ff tageous when used on anodes. For full 
j information on these and other applications 
write to Dept. D.18. 













/ 


d Reproduced by courtesy of The Edison Swan Electric Company Limited 







CHESON COLLOIDS LIMITED 


MALL L ¢ 





TAS/AC 6 
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ALL-POWER —— 
REGULATED POWER SUPPLIES 





Semi-standard designs are available 
covering output voltages from 0.1 to 
2,000 volts and output currents from 
ImA to 10 amps. 


Special Units can be made to any 
Specification, and although the de- 
mand for our products is continually 
increasing we can still offer reason- 
ably prompt delivery. 








ALL-POWER TRANSFORMERS LTD. 


CHERTSEY ROAD, BYFLEET, SURREY. 


TEL.: BYFLEET 3224. 











TECHNICAL DATA ON PHILIPS 
VARIABLE TRANSFORMERS 


HILIPS Variable Transformers, of a high efficiency, are 

available in 8 different types. Sturdily constructed and 
fitted with a graduated scale, they provide completely smooth 
control of secondary voltage from o V to 20% above the 
nominal primary voltage. 






Illustrated is 
bench type in 
“ Philite” casing 
































% The Transformers given in the tables all Output Secondary Secondary,  No- _ DESIGN é 
have an input voltage of 220V 40-100 cycles. & Voltage | Current | Load Panel Mounting | Bench Mounting 
Models can however also be supplied for | | | Losses Type — Dimensions mm. | Type — Dimensions mm. 
1roV or 130V input. V.A. Vv A w 0 a. [© jx No. di: eee 

| } 
: k 1 es | 137 
a= everall diameter 260 waned 1 4 6.8 84514 137130 30 84515 137 | 165 
‘ | —e ia 
b= depth behind panel 520 0-260 | 2 9 | 84516 | 137 150 30 84517, 137 | 185 
c= depth in front of panel 1040 0-260 | 4 17 84518 187 190 39 84519 190 | 260 
d= overall diameter —| — 
e= overall height 2080 0-260 8 | 25 | 84520 | 187 | 200 | 30 | 84521 | 215 | 272 
a P ' ID. ie 
INDUSTRIAL X-RAY EQUIPMENT + ELECTRONIC APPARATUS + LAMPS & LIGHTING EQUIPMENT 
ARC & RESISTANCE WELDING PLANT & ELECTRODES * MAGNETIC FILTERS + BATTERY 
CHARGERS & RECTIFIERS * H.F. HEATING GENERATORS + RADIO & TELEVISION RECEIVERS 
Philips Electrical Limited, Century House, Shaftesbury Avenue, London, W.C.2 
(P1203) 
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E Mullard Tempera- 
[== Controller, E7594, 
measures and controls 
within very fine limits 
the temperature of water 


e@ * 
P r eectsion baths and similar apparatus. 


Compact and adaptable, this 
yee instrument can be set at any 
Te ip erature temperature between 15°C. 
and 75°C. It has a control 
Con trol accuracy of +0.02°C. at the 
working point, and a calibra- 

between tion accuracy of -+-1°C. 
A temperature sensitive 
1S°C and gore element is provided for 
direct immersion in the 

liquid to be controlled. 








Sd 


The temperature controller is . Mullard 


one of a number of high-grade 
scientific instruments now be- 

ing developed by Mullard. ag 
Full details of those at present 
available will be gladly sup- 
plied on request. 





NORTHERN AGENT: F. C, ROBINSON & PARTNERS, LTD. 
287 DEANSGATE, MANCHESTER, 3. 
SCOTTISH AGENT: LAND, SPEIGHT & CO. LTD. 
73 ROBERTSON ST., GLASGOW, C.2. 








MULLARD LTD + EQUIPMENT DIVISION +» CENTURY HOUSE + SHAFTESBURY AVENUE - LONDON - W.C.2 





Ww 
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TELCONNECTORS 









co-axial cable connectors 





e 
Illustrated is a range of Telconnectors which enable small flexible 
cables to be readily attached to larger feeder cables. 


In all cases the °¢ 
Socket Termination is designed to accept the standard 53P series * 


Plug. A further step-down in size is possible by using a 53/58 Adaptor, ° 
the female section of which will accept the standard 58P series Plug. ° 


e 
a ’ . ; ae ° 
( All types are readily available in various sizes and combinations, 
% i 


Write for publication T/ 1. 
New 


Plug, type 53P 29M ‘ AS 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 
Head Office: 22 Old Broad Street, London, E.C.2 
Tel: LONdon Wall 7104 
Teleon Works, 
Tel: GREenwich 3291 












Protective Cap, 
type 53S 





All enquiries to 


Greenwich, S.E 10 


VacuUM COATING of 
ELECTRONIC 
















EDWARDS 24’ 
Horizontal - Loading 
VACUUM 
COATING UNIT 





The development of vacuum 
coating technique has revealed 
tremendous possibilities in 


@ METAL RECTIFIERS manufacturing methods and in 


S the development of new 
& RADIATION DETECTOR saitien, 
@ PRECISION RESISTORS Many delicate 
1ER LAYER 
a BARR 


electronic 


CELLS devices, vital today but con- 
PHOTO- 


sidered impossible only a 
ALUMINISED CR. TUBES few years ago, are now 
FREQUENCY ADIUST 5 being manufactured 

F. CRYS 









and 
prepared by routine vacuum 


coating methods. 
CONDENSER PAPER 





6 

@ 

aw METALLISED 
@ RADAR ATTENUATORS 
& 





DIAPHRAGMS MAY WE ADVISE YOU? 





for better vacuum service .. . Ww. EDWARDS 


& CO. (LONDON) LTD., LONDON, S.E.26 


Tel.: Sydenham 7026 (8 lines) 






Grams: Edcohivac, Souphone, London 
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RELAYS for TELECOMMUNICATIONS 


A Quality Relay with Sensitive, High Efficiency Magnetic 

Circuit similar to G.P.O. 3000 type. Improved design Coil 

Tags. Armature fixed with special clip for easy removal. 
CHARACTERISTICS. 


CONTACTS. Nickel Silver Springs with Silver, Silver 
Alloys or Platinum Contacts. Up to six sets of Change-over 
or eight sets of Make or Break Contacts. 


COIL. Resistance from 2 to 8,000 ohms. Up to three 
windings on one coil. 


Bnquiries to: 


AUTOPHONE LIMITED 


539/547, Wandsworth Road, London, S.W.8 


SPURS 


SY 
=— 


SPIRALS 


RESTS Ae 
sana TOT 


= BEVELS 


Z 


8-100 D.P. 


\ Ca w 
= STATION ROAD 


BROOKMANS PARK, HERTS. 
Tel:- HATFIELD 3130 
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EIGIEIN 


first and foremost! 


Egen Potentiometers are recognised 
everywhere for their dependability and are 
constantly being specified by radio and 
electronic engineers. A specialised carbon 
deposition guarantees perfect 
electrical stability. Note 
these features:— | 












@ Smooth action movemen: 


@ Positive solder tag 
location 


@ Rigid fixing to chassis 


@ Rustproof plating of alli 
steel parts 


@ Silent operation 


@ Cutler-Hammer switch 
design 


@ Standard values avaii- 
able from 5,000 ohms 
to 2 megohms. 


Egen Potentiom-.ters are also avatlable with single pole or double pole 
switch and without switch. Switches only supplied separately tf required. 


PRE-SET RESISTORS. 
A wire-wound pre-set 
resistor for panel or chassis 
mounting: Multi-unit banks 
available to special order. 





SUB MINIATURE 
VOLUME CONTROL 
For use in Deaf Aids and 
other miniature electronic 
apparatus. 





Overall diameter less than 8° 


('x<port enquiries welcomed 





POTENTIOMETERS 





EGEN ELECTRIC LTD 
Charfleet Industrial Estate, Canvey Island, Essex. 'Phone: Canvey 69! & 2 
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The Axioms 101 and 102 have been specially designed to meet 
the needs of the critical listener, who, although having a restricted 
listening space, still requires “‘ lifesize ’’ reproduction. 
Although only 8 in. units, they have an unusually high flux 
magnet to ensure a remarkable transient response consistent with high 
sensitivity for use with low power inputs. 
What is more, these Axioms cover the range and 





3 
<q THES 


REA 
P wot T sIDERS 
AS 


Dp out 


On the contrary, the big feature of these new * By Courtesy of “‘ The Melody Maker’ 
units is the perfect balance which they give to the 
tonal extremes, without which there can be no “ high fidelity.” 

A smooth, flat frequency response from 40-15,000 c/s within +-4 dB 
ensures a rich, true bass without resonance and a clean, sharp treble 
with the overall balance so well maintained, that the top audible 
harmonies help to impart the original atmosphere without any signs 
of distress even at high volume levels. 










AXIOM 101 SPECIFICATION AXIOM 102 SPECIFICATION 
Fundamental Resonance 65 c/s (nominal) ; With increased sensitivity, has a higher magnetic 
Voice Coil Impedance 3 or 15 ohms; Power flux and attendant improvement in the damping 
Rating 5-watts peak A.C. ; Flux Density 13,500 factor. Flux Density 16,000 gauss ; Total Flux 
gauss ; Total Flux 51,200 Maxwells ; Frequency 63,000 Maxwells ; Overall Depth 4% in. ; Net 
Response 40 c/s—15,000 c/s ; Overall Diameter Weight 4 Ib. 

8} in. ; Overall Depth 44 in.; Voice Coil, £10 14 1 including tax. 

Diameter | in; Net Weight 2? Ib. ; Finish 

Grey rivelling enamel ; Fixing Holes, 4 slots You are invited to write for details of the 
g_in. x y& in. equispaced on a 7§ in. P.C.D. other loudspeakers in the Axiom range, also 
£7 2 9 including tax. specially designed reflex cabinets. 


Manufacturers of the Axiom-Audiom Range of Loudspeakers 


GOODMANS INDUSTRIES LTD., AXIOM WORKS, 
WEMBLEY, MIDDX., WEMbley 1200 





THERMOPLASTIC 
& THERMOSETTING | 
““ PITMAN 
Precision | 
Mouldings | Antenna Theory and Design 


(2 vols.) 











By H. Paut Wriiuiams, Ph.D., A.M.I.E.E., Sen.M.LR.E. Profusely 
illustrated. Vol. I (Foundations of Antenna Theory), 21s. net. Vol. I 
(The Electrical Design of Antennz), 63s. net. 


‘** A most comprehensive treatment of the theory and practice.” 
—Electronic Engineering. 


| Industrial High Vacuum 


By J. R. Davy, B.Sc., F.P.S. A book of great value to the high-vacuum 
physicist and to industrial technicians and students. Deals fully with the 
pumping system and allied mechanisms, the application of the plant to 
industrial purposes, and the basic theory. 82 illustrations. 25s. net. 








TOOL MAKERS - MOULDERS - ASSEMBLERS | Radio Frequency Heating Equipment 
AND LAMINATED TUBE MAKERS | By L. L. LANGTON, A.M.LE.E. Deals fully with the design of equipment 
| and with some applications of the technique. A useful book for all 
a ae PO BBB electronic engineers. 17s. 6d. net. 
- | Electronics 
Etco Plastics Ltd. ) 

By F. G. Spreapsury, M.Inst.B.E., M.A.I.E.E. A reliable guide to 
| electronic theory and its applications, for specialist workers as well as 

& TUBE LAMINATION LTD students. Profusely illustrated. 55s. net. 


DESBOROUGH PARK ROAD, 
HIGH WYCOMBE, BUCKS. 


Telephone: High Wycombe 1921/2 | PITMAN, Parker Street, Kingsway, London,W.C.2 
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Quantity production of small automatically mace pieces in 
re. Porcelain, and Rutile materials for electric cooking 


heating equipment, and 


GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 





PP 





Tel.: 20981/8.__Grams.: “" Bray. Leeds 2" 











TOGGLE SWITCHES 


OF 


SUPREME 











QUALITY 


Our miniature ‘‘ Q.M.B.”’ 
Toggle Switches have sold 
literally in millions over 
the past 30 years. The 
satisfaction which these 
switches are giving in 
regular service is the 
reason for the continued 
demand. Other patterns 
of switches are also 
offered—the best of their 
respective types. Prices 
are very reasonable and 
delivery can be made 
promptly. Send now for 
our |2-page catalogue S-48. 


CLAUDE LYONS LTD 


ELECTRICAL & RADIO LABORATORY APPARATUS 


180 Tottenham Court Road, London, W.|I. 


Tel: MUS 3025 








Oe. 


TUNGSTEN RODS & THREE PIECE LEAD 


WIRES FOR TUNGSTEN TO GLASS SEALS 
X-RAY TARGETS WITH OR WITHOUT CAST- 
ON COPPER BODY. . ROTATING ANODES. 


MOLYBDENUM TUBES & OTHER MOLYBDENUM 
COMPONENTS. 


.. ~\ TUNGSTEN WELDING, ELECTRODES FOR INERT 
ff \ GAS ARC WELDING. TUNGSTEN CONTACT 
( } RIVETS & SCREWS. 


ELECTRO-ALLOYS, 
12, BRUNEL RD., LONDON, W.3. 
Makers of TUNGSTEN and MOLYBDENUM Products 














now available! 
THE BPL UNIVERSAL TEST SET 


20,000 Ohms/Volt 


x 

Leather carrying Captive head ter- 

handle minal connectors 
for all ranges. 

* 

Mirror Scale * 
Easy to read 2 

* colour dial 

20,000 ohms per 

volt for D.C. and * 

A.C. Rotary switch 
selects ranges 


* 


Two ohms ranges 
Operated from 


clearly marked. 


*x 





large internal Solid bakelite 
battery. moulded case 
LIST PRICE 


£11 10 Oincluding test leads. Subject to Trade Discount. 


LONDON STOCKIST : 
M.R. SUPPLIES LTD., 68 New Oxford Street, W.Cl. 





We also supply 
B.P.L. Super Rangers and D.C. Test sets. 


i ing Iron Panel 
Moving Coil and Moving 
pene saan A comprehensive ~~ 
of Measuring Bridges and Electronic les 


ing instruments. 



















BRITISH PHYS ORATORIES 


is 
YI rt 
g N coueee - HERTS 
Telephone? G 5674-5-6 


HOUSEBOAT ‘W 
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POTTED AND 
COMPOUND FILLED 
TRANSFORMERS 
AND CHOKES 


made by Woden are the 
answer when the call is 
for transformers to 
Operate under exacting 
industrial _ conditions, 
coupled with adverse 
climatic conditions. 


Every transformer leaving our factory is subjected to a rigid 
inspection, and is fully impregnated with moisture proof filling 
compound by the latest vacuum and pressure process. The fact 
that “WODEN” are the choice of many leading radio and 
television manufacturers is proof enough of the quality of our 
products. 

Please send for latest Catalogue. 


Pe | 
ID TRANSFORMER co L> 


MOXLEY ROAD, BILSTON, STAFFS. 
TELEPHONE : BILSTON 41959 








REDUCE YOUR 
PRESS TOOL COSTS 


if} 













THE HUNTON UNIVERSAL BOLSTER OUTFIT 
FOR SHEET METAL PIERCING AND 
BLANKING ON FLY PRESSE 





Bolster Frame with 
2 adjustable gauges 
and insertable steel 
Holders for Dies 
4 in. to 3 in. bore 
diameter. 


jj, Two Punch Holders 
, with detachable 
positive-action 
i, Strippers take the 
complete range of 
Punches 4 in. to 
32 in. diameter 


Equip your Press with the 
Hunton Outfit and use inexpensive 
standardised Punches and Dies } in. to 3? in. diameter obtain- 
able from stock—in ,'. in. sizes—when you need them. 
Standardised Tools also available at short notice for Square, Oblong 
and other shapes, Louvre Forming (up to 8 in long), Corner Notch- 
ing, Corner Radiusing, Angle Iron Notching and Piercing, etc. 


Get the Outfit now—Buy oy Dies and teols es you need 
Descriptive brochure a prices on request. 
HUNTON LIMITED 


Phoenix Works, 114-116, Euston Road, London, N.W.! 
Telephone : Euston 1477 Telegrams : Untonexh, London 



















S88 
eee You find 
them everywhere... 
“« CASTLE? ENGINEERING COMPONENTS 


By their quality you will know them — Repetition 
Work in all Metals — Precision Turned and Screwed 
— Machining and Light Assemblies 


Brochure on request 





CASTLE ENGINEERING 


COMPANY (NOTTINGHAM ) LIMITED 
Ieephane Meteghom 46068 (Sines) ‘J Re Ielegroms.‘opston, Notoghar 


HASLAM STREET - CASTLE BOULEVARD - NOTTINGHAM 





OVAN ACCESSORIES — 
ELECTRONIC 
UFACTURER ! 


DON 
FOR THE 
APPARATUS MAN 





ERMINAL BLOCKS 


96 T 
TYPE J 9 30 and 60 amp. sizes 


Made in 15, 














UTTON UNIT E> | ait ac. ROWED 
= peray—+pole with NO 
, or N.C. contacts. 


¢.30 PUSH B 
ei ged for mounting O° 


in; 
— a cover plate. 


customers’ ow 





THE DONOVAN ELECTRICAL CO. LTD. 
Safuse Works - Stechford - Birmingham 9 
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MILTOID LTD 





STOCKISTS OF 


BX 
POLYSTYRENE 








WELLINGTON WAVE 
WINDING MACHINE 





™ A first-class rigid insulating material, Coils with diameters of } in. up to 3 in. and with any 
: : : width between 4 in. and | in. may be wound either close 
ved supplied in sheets and rods in a range or spaced, with a wave form of 4, 4, 4, |, 2 or 3 waves 


of thicknesses and diameters ex stock. 
& 


Information and guidance on manipulation, 
machining and cementing available on request. 


MILTOID LTD. 


N.W.1. 


per turn of coil. 
Many refinements are embodied, previously obtainable 


only on elaborate machines. 
LTD. 


NEVILLE’S iverroot) 


A Subsidiary of Aeronautical & General Instruments Ltd. 
PURLEY WAY, CROYDON, ENGLAND 


Phone : ables: 
Thornton Heath 3211 Instradio, Croydon 


34/36 Royal College Street, London, 
Phone : EUSton 6467. ’Grams: Celudol, Norwest, London 























——| BRADMATIC 
LIMITED 
Bradmaster Model 5 Tape Desk 


Two speeds, 3} and 7$1.P.S. Double track. Three heavy duty 
motors. Fast wind and rewind without unlacing. New type 
Servo Band Brakes. Push Button Control. Three separately 
shielded heads. Takes 7 inch 1,200 ft. reels. Dimensions : 
134” x 153” x 6}” deep. 

Price : Fitted with 6RP heads - £42/0/0 
Price : Fitted with 5RP heads ~ £41/0/0 


Bradmaster Model 5c Tape Desk 
Takes 93” 2,250 ft. reels. Double track. Larger Reel Motors. 
Programme time : 55 mins. @ 7} 1.P.S. 110 mins. @ 3] I.P.S. 
Dimensions as Model 5. 

Price : Fitted with 6RP heads £45/0/01 
Price : Fitted with 5RP heads - —  £44/10/0 


A recorded frequency range of 50-11,000 c.p.s. at 74 inches 
per second can be obtained by using a Model 5 Tape Desk 
with a type Al recording amplifier utilising a Williamson or 
similar high quality main amplifier for playback. 











Dept. E.E. 
e ~ 
a vis 18 TOTTENHAM 
COURT ROAD, 
LONDON, W.I. 


Tel.: MUSeum 2453/4539 


SUPPLIES ¥. 





Business Hours: Monday-Friday 9—5.30 Saturday 9—1 


RELAYS 


D.C. COIL RESISTANCE 





3,000 TYPES: 1.99 to 80,000D 
600 TYPES : 0.40 to 9,200. 


ALSO LARGE STOCKS OF 
DOUBLE & TRIPLEWOUND 
AND SLUGGED COILS. 














CONTACTS Portable Recorders 
a In rexine-covered case, fitted with model 5 Tape Desk (6RP heads) 
‘too TYPES : pe > : = and C.J.R. type D. plifier wit itoring. Provision for 





external loudspeaker. Complete with microphone and leads. 


Price £119.15.0 


High Fidelity Sound Heads, Type 5RP (record play) €3/5/0. 
Type 6RP (Super Fidelity), £3/15/0. Type SE (Erase), £3/5/0. 
Scotch Boy, E.M.I. tape, 35/- per reel; G.E.C. tape, 30/- per reel. 
Gevasonor (Belgian), 35/- per reel. Amplifiers and Microphones. 
Now available : All Mumetal Screening Cans suitable for Brad matic 
Heads, 8/6 each. 


p 

3,000 TYPES: Make (M), Break (B), 
in Twin-silver, win-platinum, 
Dome-silver (2 amp.), Tungsten 
(5 amp.), and Flat-silver (8 amp.). 
Change-Over (C), in all bute Tung- 
sten: Make-Before-Break (K), in 
Twin-silver and Twin-platinum. 


600 TYPES: (M), (B) and (C), in 
Twin-silver and Twin-platinum. 


SPECIAL 
High resistance slugged coils (up to 
10,000 OHMS with I” slug) now 





Trade supplied. Send for Lists. 


BRADMATIC LIMITED 




















. LTD. available. STATION ROAD ASTON BIRMINGHAM 6 
ham 9 | Phone : EAST 0574 = Grams : Bradmatic, Birmingham 
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L. WILKINSON “"o‘Es*‘E A NEW SPEARETTE probuct 


19, LANSDOWNE ROAD, CROYDON The MODERN WIRECUTTING Instrument 
Phone : CRO 0839 Telegrams : ‘** WILCO ’’ CROYDON 

Microphones. Electro voice model 600 c., with switch, lead, Reaches those Patents Pending 
American made. £6 6s. Inaccessible Spots. 






Pressure Unit Mk.23/AP. 6 in. x 4 in. x 3 in., contains a small j 
compressor operated by a 27 volt D.C. motor with switches, fuse, 
indicator lamp, 10 ft. of air line and 21 ft. of twin flex in a flexible 
tubing, etc. American made. Brand new. Only 45s., post 2/6. 
Ceramic Wafer Switches. By Wright & Weaire. 2 bank, 
| pole, 12 way, 10s. 6d. each ; 3 bank, 4 pole, 3 way, I5s. each. 
Special quotations for quantities. Other types in stock. 

Racks. For 19 in. panels, angle type, 5 ft. 4in., 30s.each. Carriage7/6. | 
Also available Standard 6 ft. P.O. type. 





5 nn 4 oe amma By earn eeeres competitive orieee. e TRIGGA-SNIP 

oltage Regulators nput vole amps., Output : . : 

> to 128 = 16 —~. a even vig Speer £15. For Electronic and Radio Engineers 
ariac Transformers. Type . Input v. Output 

220 v. 7.5 amps. £7 10s. each. | SPEAR ENGINEERING CO. LTD., 

Mirror Galvanometers. 30 microamps per standard scale 20° WARLINGHAM, SURREY. 

















A VALUABLE | | BRASS, COPPER, BRONZE, 
BOOK _| ALUMINIUM, LIGHT ALLOYS 
| 
| 








which details the wide 
range of Engineering and IN ROD, BAR, SHEET TUBE, STRIP, WIRE 

by E.M.1. Institutes—the only Postal College which is part of a world- 3000 STANDARD STOCK SIZES 

wide Industrial Organisation. Engineering Courses include training for : 


sweep strong construction 5 in. x 3} in. £7 10s. each. | 
Commercial Courses of 
Cty and Gulds Grouped Certificates in Teleeommunications: AM.Brit.RE, Exam | | H. ROLLET & CO., LTD. 


| Telephone: Upper Warlingham 2774. 
modern training offered 
nation, Radio Amateur’s Licence, Radio & Television Servicing Certificates, 


General Radio and Television Courses, Radar, Sound Recording, etc. Also Courses 6, CHESHAM PLACE, LONDON, S.W.I. 
in all other branches of Engineering. | 























POST NOW SLOane 3463 
EMI Institutes Please send, without obligation the FREE book WORKS: 
| E.M.I. institutes, Dept. 1 36, ROSEBERY AVENUE, LONDON, E.C.| 
associated with 143 Grove Park Rd., Chiswick, London, W.4 . ” 
MARCONIPHONE -: | “ No Quantity too Smal 
_ COoLU ; Name eae | > 
RSES Add en 
| cour iM Po ‘se | Liverpeo! - Manchester - Birmingham - Leeds 
IC. 10E | 
| 





A. C. FARNELL LTD. 


15 PARK PLACE LEEDS, |. 


Offer the following Instruments from stock | *‘Radiospares” 


COSSOR _Oscillographs 1035, 1039 and 1049. 
Oscillograph camera and drive units 


Oscillograph Trolleys and Telecheck 1320. | Qua lity Parts 


WAVEFORMS ‘Radar’ Vid. & Sync. Generator and Kilovolter. | 
ADVANCE R.F. Signal Generators E2, B4A and DI j 


60 and 150 watt Constant Voltage Transformer. The 
AVVO Wide Range Signal Generator. : 
MULLARD High Speed Valve Tester. Service Engineer’s 
DAWE Stroboflash, Strobotorch, Sound Level Meter, | 
Vibration Meter, Moisture in Timber Meter. | First Choice 
mss PMR/! Tape Recorder. 


Telephone : Leeds 32958/9 | | 














Wire-wounc 
types. Single Yr | 
Units. Cha 

semi - | 


Full 


RELIANCE MNFG.,CO. (SOUTHWARK}, LTD.., 


SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOW, E.17 
Telephone : Larkswood 3245 








HIFI LTD., 150, HIGH STREET, LYE, 
STOURBRIDGE, WORCS. Telephone: LYE 261 
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STEEL BUILDINGS 


—Early Deliveries! 


# The following, offered subject to remaining unsold, are just two 
examples from our extensive stocks of reconditioned buildings. ... If 
they do not fit your requirements, write to us and we will endeavour to 
match your needs against our nearest stock item. 


No. 311/22. SINGLE STORY. 90 ft. 0 in. wide x 360 ft. 0 in. 
long x 14 ft. 0 in. to eaves, in three 30 ft. 0 in. spans, with 
corrugated . covering, patent glazing to roof, sliding 
doors. 32,400 s 

No. 311/23. SINGLE SPAN. 30.ft. 0 in. wide x 180 ft. 0 in. 
long x 14 ft. 0 in. to eaves, completely cladded with corrugated 
asbestos, patent glazing to roof, sliding doors. 5,400 sq. ft. 


% Please quote building reference when sending for details. 


CHAMBERLAIN INDUSTRIES LTD 


STAFFA ROAD, LONDON, €.10. Tel. : LEYtonstone 3678 





POWE R ‘Tridenmane 


I0VA to I00kVA Open, 
Enclosed, Oil Cooled, 
D.W. and Auto 


For Industrial Engineering, 
Furnaces, Electronics, Phase 
Conversion, etc. 





THE TRANSFORMER & ELECTRICAL CO. LTD 
Eastern Works, Walthamstow, London, E.17 
Phone: KEYstone 5031/2 


“Are You Famiuiar 


| 








| WITH THE POTENTIALITIES OF 


MAGSLIPS AND SELSYNS 4 


AUTOMATIC CONTROL—SYNCHRONOUS LINKS 
SINE WAVE GENERATORS—REMOTE CONTROL 
DIFFERENTIALS — VARIABLE PHASE SOURCE 
REMOTE INDICATION—ELECTRICAL COMPUTA- 
TION—SINE-COSINE RESOLUTION 
We are suppliers to Research Laboratories, Manufacturers 
and Universities throughout the world. 
Technical Information and Price List from :— 
SERVOTRONIC SALES (INCORPORATING HOPTON RADIO) 


1, Hopton Parade, High Road, Streatham, London, S.W.16 
Telephone : STREATHAM 6165 








MAGNETIC 
RELAYS 


BUILT TO YOUR SPECIFICATION 


Speedy Deliveries of Types :—P.O. 600 and 3000, Siemens 
High Speed, A.C. Relays 6 to 400 volt 


LARGEST EX-GOVT. STOCK IN GT. BRITAIN 


Uniselector Switches, Telephone Switchboards, Telephone Components, 
Plugs, Jacks, Handsets — Government Contractors. 


JACK DAVIS (RELAYS) LTD. (dept. ££.) 
36 PERCY STREET, LONDON, W.! 


Phones : MUSeum 7960, LANgham 482! 











DECALS 


THE MODERN TRANSFER FOR MARKING CONTROL 
PANELS ON RADIO AND ELECTRONIC EQUIPMENT 


Bold white lettering }” high Supplied in 
books of six pages totaling 500 different words 
or equivalent in letters or numerals * Covers 
various branches of electronics * For Research 
Labs. - Repair Establishments - Amateurs 


CONVENIENT - EFFECTIVE - INEXPENSIVE 
Price 4/9 per book. (Post 3d.) 


ALEXANDER EQUIPMENT LTD. 
CHILDS PLACE, EARLS COURT, S.W.5 


Phone :—FRO 6762 











WE TALK YOUR LANGUAGE 
when itcomes to TRANSFORMERS 


* designed for standard & special applications. 
* built for reliability. 
* engineered for trouble- free 
operation. eS 







TRANSFORMERS BY 





amos of EXETER RTS WORKS COwIcn STREET ee. em © 








CROYDON PRECISION 
INSTRUMENT CO. 


Manufacturers of © 


STRAIN MEASURING EQUIPMENT 
PRECISION D.C. POTENTIOMETERS 
RESISTANCE STANDARDS 
VOLT RATIO BOXES 
RESISTANCE BOXES, ETC. 


Early deliveries — Full details from :— 


116 Windmill Road, Croydon, Surrey 
Telephone: THOrnton Heath 4025 








THE LATEST in 
AIR DIELECTRIC TRIMMERS 










Encased in acetate container for 
nen pee 
6.5 m/m. Length: 
Bel ~~ Vice l. 530 8p 
75 mim. 1.5 to 20p! : 
m/m. 2 to 26pF—1i m/m. 2 
to 32pF—12 m/m. Law: 


ight line capacity. Power 





Factor: Less than .001. Insu- 
lation: Over oy  ——— 


Voltage: 500 S y : / | 
OXLEY, DEVELOPMENTS coure: 


ULVERSTON, NORTH LANCS. TEL: ULVERSTON 3306 
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For your. attention This Month :— 








IONISATION 





Items under test can now be at TRUE EARTH: 
thus extending the applications to heavy power 


equipment and etc. 


Prices and full technical data, including our com- 
plete list of test equipment available for early 
delivery, will be sent on request. 


Henry A. Patterson & Partners Ltd. 
ELECTRONIC LABORATORY FURNISHERS 
156 High Holborn, LONDON, W.C.I. 


TEST SETS 


both A.C. and D.C. 
Covering voltages up to 30 kV. 


wVAc 


THE SCIENTIFIC 
VAL 


BRITISH = MADE 


Phone: CHAncery 7717 


Phone : 


HIVAC LTD 


GREENHILL CRESCENT, HARROW-ON-THE-HILL, 
MIDDLESEX. Telephone: HARrow 2655 


and at High Wycombe. PENN 2334 


Agents for HIVOLT Products. 

















Printed in Great Britain by The Press at Coombelands, Ltd., Addlestone, Surrey, for the Proprietors, Morgan Brothers (Publishers) Ltd., 28, Essex Sereet, 
Strand, W.C.2. Registered for Transmission by Canadian Magazine Post 
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British Manufactured Bearings Co. Ltd., now supply steel balls graded 
to half-a-millionth of an inch; these balls are also components in 

their micro ball bearings. B.M.B. steel balls and bearings are used in 
a wide range of industries and are vital components in nearly all 
precision instruments. 


BRITISH MANUFACTURED BEARINGS CO. LTD 
CRAWLEY, SUSSEX CHARLWOOD, SURREY 


By e an = [Bsasens/,_/ (Sole Selling Agents) 


2 BALFOUR PLACE - MOUNT STREET LONDON :- W.1 
Phone: GROsvenor 3155. Grams; Britmanbea, Audley, London, Cables: Britmanbea. London 


All B.M.B. Products are entirely of British manufacture and are fully A.I.D. approved. 
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Solder Rings 


OS Made from Arax or Ersin 
Multicore Solder or solid wire. INTERNATIONALLY 

These butt- jointed rings are 
much more economical to pur- PREFERRED 

chase than stamped washers, 
which can also be supplied. BY LEADING TELEVISION 
Among the specifications of 

Ersin Multicore Solder Rings, MANUFACTURERS 
which are already being manu- 

factured and for which prompt 

delivery can be given, are: 

= 


Internal Diameter .. }”, #,”, 43”, 4”. . 
Other sizes to wold hi : Radio and 
. 
Liquid Fluxes 
For di 


pping purposes or other processes 
. where it is not convenient to use Ersin and Engineers’ 
cy Arax Multicore Solders, the Ersin and Arax 
Fluxes are now available as liquids. Ersin 
iouip Fur Liquid Flux is an extra-active non-corrosive 1-ib Reels 
flux A.I.D. approved and has been widely . 
_ SITE used by Electronic Manufacturers in the 


U.S.A. Bulk price for 1-gallon tins for 
Manufacturers on application. 10 fl. oz. tins 


} 








4 


Sona” 6/- each (subject) 


SIZE 1 CARTON, 5S- (SUBJECT) 


An economy pack for Service Engineers and 
Workshops using fair quantities of solder. 1-Ib. 
ae reel containing approximately 167 feet of 18s.w.g. 
Catalo Allo App length S ‘ ee, 4 . er ee 2 - 
Ra is. 1 winheed 1 Be) ee ee \, 50 50 alloy packed in —e™ yellow and 
C 16014 60 40 Types black carton, cat. ref. R.5018. 


San | aba eee 15/- each (subject) 


C 140!6 40 60 34 feet 
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